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(57) A motor driving apparatus enabling direct pulse 
width modulation driving (direct PWM driving) in a so- 
called sensor-less motor includes a comparison unit (2) 
for comparing back-electromotive voltages appearing in 
respective phases (1U, IV, 1W) of a multi-motor (1), a 
pulse width modulating unit (7) for outputting pulse width 
modulated signals for rotationally driving the motor (1) 
based upon a rotational error signal (Verr) of the motor, 
a minimum pulse width detection unit (27) for detecting 
the minimum pulse width position of the pulse width 
modulated signal from the pulse vndth modulation 
means, a sample-holding unit (9) for sample-hokling 
comparison outputs of the comparison mear^ (2) at a 
timing of detection of the minimum pulse width di the 
pulse width modulated signal from the minimum pulse 
width detection unit (27). and a motor driving unit (10) 
for rotationally driving the motor t)ased upon each sam- 
ple-and-hokJ output from the sample^and hokl unit (9). 
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Description 
BACKGROUND 

Field o> the Invention s 

This invention relates to a motor driving apparatus 
advantageously employed for a variety of pieces of 
equ9>ment with built-in motors, such as a recording/re- 
producing apparatus for disc-shaped recording media. io 
such as magnetic discs, magneto-optical discs or com- 
pact disc, videotape recorders, video camera apparatus 
or camera apparatus. More particularly, rt relates to a 
motor driving apparatus enabling direct pulse width 
modulation driving (direct P\AfM driving) in a socalled is 
sensor-less rnotor. 

Background of the Invention 

There has hitherto been known a sensor-tess driv- 20 
ing system oKstor driving apparatus as shown in Fig.1. 
If a U-phase coil 500U and a V-phase coil 500V of a 
three-phase motor 500 are fed with current, these coils 
500U and 500V operate for generating a torque for act- 
ing as a motor. However, the remaining W-phase coil 2S 
500 W operates as a generator to generate a back-elec- 
tromotive force. The sensor-less driving system mc^or 
driving apparatus thus detects the rotational position of 
the rotor based upon the back-electromotive force gen- 
erated In the respective phase coils 500U, 500V and 30 
500W for switching control of the current conductive 
states of the phase coils 500U. 500V and 500W for ro- 
tatbnal control. 

That is, the back-electromotive forces Uln, Vin and 
Win, generated by the phase coils 500V, 500U and 3S 
500 W, are fed via a filter circuit 501 to a comparator 502. 
while a common voltage COM of a common temninal 
500a. whk:h is a neutral point voltage of the three-phase 
motor 500. is fed via the filter circuit 501 to the compa- 
rator 502. 40 

The filter circuit 501 is configured as shown in Fig. 
2. wherein the back-electromotive force Uln from the Li- 
phase coil 500U is fed to a tow-pass filter 515 made up 
of a resistor 515a and a capacitor 515b. The back-elec- 
tromotive force Vin from the V-phase coil 500V is fed to 45 
a low-pass filter 516 made up of a resistor 516a and a 
capacitor 516b. while the back-electromotive force Win 
from the W-phase coil 500W is fed to a km-pass filter 
517 made up of a resistor 517a and a capacitor 517b. 
The common voltage COM from the common terminal so 
500a is fed to a low-pass filter 5 1 8 made up of a resistor 
518a and a capacitor 518b. 

With the sensor-less driving system motor driving 
apparatus, described above, the rotatkxial positcn of a 
rotor is detected based upon the back-electromotive ss 
forces (voftages) Uin. Vin and Win from the phase coils 
500U. 500V and 500W. and the current conductkxi tim- 
ing of the phase coils 500U. SOOVand 500W is switch- 



ing-controlled responsive to the results of detectkxi of 
the rotatranal position for rotatkxially driving a three- 
phase motor 500. During this rotatkmal driving, a kick- 
back noise is produced at the tum-bff timing of current 
conductkx) switching for the phase coils 500U. 500V 
and 500W, as shown in Fig.3a. Tliis kKkback noise, if 
left as it is, obstructs downstream side signal processing 
since it is overlakl on the back-electromotive voltages 
Vin. Uin and Win and the common voltage COM. 

Thus the low-pass filters 515, 516 and 517 extract 
the kickback noisef lom the back -electf emotive voltages 
Vin, Uin and Win from the tow-pass filters 515 to 517 to 
transmit the extracted kckback noise as a reference 
voltage to the comparators 519 to 521. 

The comparators 51 9 to 521 compare the common 
voltage COM to the back-electronnotive voltages Vm, 
Uin and Win to transmit comparison outputs U, V and 
W shown in Figs.3b to 3d to a logic unit 508. 

On the other hand, a full-wave rectifier circuit 503 
is fed with a rolattonal senfo signal (V control) formed in 
the rotattonal servo system based upon the rotattonal 
state of the three-phase motor 500. The full-wave recti- 
fier circuit 503 full-wave rectifies the rotational serwo sig- 
nal whk:h may be shifted in the plus and minus skies 
about the reference voltage as center and transmits the 
resulting signal as a reference value Vrec to a compa- 
rator 504. If the rpm of the three-phase motor 500 ex- 
ceeds a pre-set value, the rotattonal servo signal is shift- 
ed in the minus side for lowering the rpm. Thus the full- 
wave rectifier circuit 503 on being fed with the minus 
side rotational servo signal generates reversing signals 
for applying a rotational braking and transmits the re- 
versing signal thus generated to the logic unit 508. 

A cunent detect ton resistor 51 1 (Risens) detects the 
current in the form of a voltage which is fed to the phase 
colls 500U, 500V and 500W from a driver 510 as later 
explained. The detected value (Cunent Sense) is inte- 
grated by a resistor 505a and a capacitor 505b so as to 
be supplied to the comparator 504. 

The comparator 504 compares the reference value 
Vrec and the integrated value of the detected cun'ent 
(Current Sense) detected by the current detection resis- 
tor 511 and routes a comparison output Verr to a pulse 
width modulatton circuit (PWM circuit) 506. 

The PWM circuit 506 modulates the comparison 
output by pulse wklth modulatton to form a pulse wkith 
modulated signal (PWM carrier) whtoh Is routed to a volt- 
age conversion circuit 507. This indicates that the cur- 
rent driving is being carried out by pulse wkfth modula- 
tton. 

The voltage conversion circuit 507 is configured as 
shown In Flg.4 in which a transistor 51 5 connected to a 
source voltage Vcc is driven in a switching operatton by 
the pulse width modulated signal to form a pulse width 
modulated voltage corresponding to the pulse wkith 
nnodulated signal. This pulse width modulated signal is 
converted by a coil 516 and a smoothing capacitor 517 
into a supply voltage VS whtoh is supplied to the driving 
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unit 510. The logic unit 508 detects an exclusive logical 
sum (Exor) of the comparison outputs U, V and W from 
the comparator 502, shown in Fi^.3b to 3d. for forming 
an Exor signal shown in Fig.3e. The rising and falling 
edges of the Exor signal specify the zerocrossing points 
of the back-electromotive forces Vin. Uin ami Win and 
the common voltage CX>M, respectively, as shown in 
Figs. 3a and 3e. Thus the logic unit 508 detects the rising 
and falling edges of the Exor signal and captures the 
back-electromotive voltages Vin. Uin and Win at the de- 
tecton toming. Based upon the back-electromotive volt- 
ages Vm, Uin and Win. the logk: unit forms an upper 
layer transistor control signal Uu and a bwer layer Xran- 
sistor control signal Ul for the U-phase coll 500U. shown 
in Figs.3f and 3g, an upper layer transistor control s^nal 
VU and a k>wer layer transistor control signal VI for the 
V-phase cdl 500V, shown in Figs.3h and 3i, and an up- 
per layer transistor control signal WU and a lower layer 
transistor control signal Wl for the W-phase coil 500W, 
shown in Figs.^ arKi 3k. and transmits these control sig- 
nals to the driving unit 510. 

When supplied with a reversing signal from the full- 
wave rectifier circuit 503, the logic unit 508 reverses the 
polarity of the control signals Uu, Ul. Vu. VI. Wu and Wl 
and transmits the signals to the driving unit 510. 

The driving unit is made up of upper and tower layer 
transistors 521. 522 for the U-phase coil 500U. upper 
arKl kswer layer transistors 523. 524 for the V-phase coil 
500V, upper and lower layer transistors 525. 526 for the 
W-phase coil 500W, buffer cimplifiers and resistors con- 
nected to the bases of the transistors 521 to 526, as 
shown in Fig.5. 

The collectors of the upper layer transistors 521 , 
523 and 525 are connected to input terminals of a supply 
voltage VS from the voltage conversion circuit 507, 
white the emitters of the k>wer layer transistors 522. 524 
and 526 are connected to the current detectksn resistor 
51 1 . The emitters of the upper layer transistors 521 . 523 
and 525 are connected to the collectors of the k>wer lay- 
er transistors 522. 524 and 526. The driving current to 
be supplied to the phase coils 500U. 500V and 500W is 
taken out at the junctnn points between the ooUectors 
and the emitters of the respective transistors. 

Wrth the above-described driving unit 510, the con- 
trol signals Uu, Ul. VU, VI, WU and Wl from the togic unit 
508 are routed to the bases of the upper and kiwer layer 
transistors 521 to 526. respectively. Thus the upper and 
k>wer layer transistors 521 to 526 are controlled to be 
tumed on and off resporisive to the control signals Uu. 
Ul, VU, VI. Wu and Wl so that the supply voltage VS is 
taken out at the respective junctk3n points responsive to 
the ort/off control. TTie supply voltage VS taken out at 
the respective junction points are fed to the respective 
phase coils 500U. 500V and 500W of the threei)hase 
motor 500. 

The values of the supply voltage VS. supplied to the 
phase coils 500U, 500V and 500W. are detected by the 
current detectbn resistor 511. These detected values 



are compared by the comparator 504 to the reference 
value Vrec for carrying out indirect PWM driving based 
upon the comparison output Verr. This enables the cur- 
rent conducting state in the respective phase coils 
s 500U, 500V and 500W to be maintained at a constant 
level. 

Since the motor driving device of the sensor-less 
driving system is capable of detecting the rotatk>nal po- 
sitbn of the rotor by the back-electromotive force gen- 

10 eratedbyeachofthephasecoilsSOOU. 500V and 500W 
for switching control of the current conducting state to 
the phase coils 500U, 500V and 500W, rotational control 
of a three-phase motor becomes possible without pro- 
vkiing rotatkxial position detection means, such as Hall 

IS devices. 

If, with the above-described sensor-less motor driv- 
ing apparatus, the voltage conversion circuit 507 is elim- 
inated and the three-phase motor 500 is driven directly 
by PWM driving, the voltage of the respective phase ter- 

20 minals are decreased to the minus level at the voltage 
turn-off timing for the phase coils 500U, 500V and 500W, 
while the common voltage COM is decreased to the 
ground level, as shown in Figs.6a to 6c. At this time, it 
becomes impossible to detect the back^lectromotive 

25 force. Even if the common voltage COM is decreased 
to the ground level, predictkm can be made to a certain 
extent provkJed the voltage on/off wkith remains the 
same. However, the voltage on/off width naturally differs 
by reason of pulse width nrxxlulation driving, so that de- 

30 tection of the back-electronrK>tive force at the voltage 
tum-off time and hence motor rotation control become 
unfeasible. 

For this reason, the conventional sensor-less motor 
driving apparatus cannot be driven directly by PWM 

3S driving, so that the PWM signal is fed via the voltage 
conversbn circuit 507 to the driving unit 510. The result 
is that the number of component parts is increased by 
an anrKXjnt equivalent to the voltage conversk>n circuit 
507 thus raising the productkxi cost 

^ In addition, it is necessary with the conventional 
sensor-less rrntor driving apparatus to provkie the filter 
circuit 501 for eliminating the kickback noise from the 
back-electronrx)tive voltages Uin, Vin and Win of the re- 
spective phases and the common voltage COM, thus 

45 increasing the number of component parts and hence 
the productkyi cost. In addition, since the electrical time 
constant of the filter circuit 501 is set in association with 
the rpm of the three-phase riK^or 500, the filter circuit 
501 can be used only for constant rpm applicatk>ns, 

so such as for a disc reproducing apparatus configured for 
controlling the disc rotation at a constant angular veloc- 
ity (CAV). Furthermore, the electrical time constant of 
the fitter circuit 501 needs to be varied each time the 
rpm of the three-phase motor is varied. Although it may 

55 be contemplated to make automatic variable control of 
the electrical time constant of the filter circuit 501 re- 
sponsive to the rpm of the three-phase motor, it be- 
comes necessary to provide a special circuit for th» pur- 
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pose thi^ complicating the circuit structure and ulti- 
mately raising the proditction cost. 

Although the filler circuit 501 is provided for elimi- 
nating the kickback noise in the conventional sensor- 
less motor drivong apparatus, the kickback noise is su- 
perimposed at the current corxJuction switching timing 
as shown in Figs. 3b to 3d. The result is that the kickback 
noise overlaid on the comparison outputs U, V and W 
w% apparent in the Exor signal representing an exclu- 
sive OR output of the comparison outputs from the com- 
parator 502, as shown tn Fig.3e. Since the togk: unit 508 
captures the respective back-electrorrK>tive voltages at 
the timing of detecting the rising and falling edges of the 
Exor signal, that is at the zer&crossing point of the 
back-electromotive force and the common voltage 
COM. the rising edge or the falling edge cannot be de- 
tected correctly if the kkrkback voltage appears in the 
Exor signal, such that it becomes impossible to capture 
the respective t)ack-e}ectromotive voltages at a correct 
timing, thus obstructing correct current conductbn 
switching timing control. 

In additbn. since the capturing of the respective 
back-electromotive voltages is carried out at the zero- 
crossing point, current conduction to an incorrect phase 
tends to be incurred if the back-electromotive force is of 
a small value, such as at the time of motor start-up or 
during lowrspeed rotatbn. If the current is supplied to 
an incorrect phase, motor rotatkxi is not produced at the 
motor start-up time or motor rotatbn ceases during tow- 
speed nrrator rotatton, while the rpm of the motor is dras- 
tically lowered during normal motor rotation. 

In addition, with the atx»re-described sensor-less 
motor driving apparatus, both the short braking system 
generating the counter-torque by utilizing the motor cur- 
rent and the counter current supplying braking system 
generating the counter-torque by positively flowing the 
current in the motor from outskJe. are emptoyed. How- 
ever, there e no operational correlatton t>etween the two 
braking systems, and the two braking systems are em- 
ployed separately, so that it becomes imposs&>le to ef- 
fect fine braking control. 

With the above-described sensor-less motor driving 
apparatus, the upper layer transistors 521 , 523 and 525 
and the tower layer transistors 522, 524 and 526 shown 
in Fig. 5 are bi-polar transistors, v^fhich are turned on 
acutely but are turned off only gradually over a tonger 
time inten^l. The result is that, if the transistors 521 to 
526 are on/bff controlled during inverston of the directton 
of current conductton, that is during inversion of the ro- 
tattonal directton, there is a time pertod during which the 
upper arKt lower layer transistors of the respective phas- 
es are turned on simultaneously; thus producing the 
through-current, that is the current flowing at a time to 
the ground from the voltage source VS via the upper 
and tower layer transistors. 

With the atxyve-described sensor-less motor driving 
apparatus, in whtoh the driving currents of the respective 
phases are detected by tfie current detectton resistor 



51 1 and controlled so as to be constant, detection of the 
driving currents of the respective phases becomes in- 
accurate by such through-current, thus d'sabling correct 
rotattonal driving of the motor. 

5 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to pro- 
vide a motor driving apparatus whereby the PWM driv- 

10 ing in the sensor-less system is enabled without provto- 
ing a voltage conversion circuit 507 and mistaken oper- 
ation due to the ktokback noise may be prohibited with- 
out provtoing a filter circuit, while the back-electromotive 
force may be captured satisfactorily for prohibiting cur- 

is rent conductton to an irKX>rrect phase for improving mo- 
tor starting characteristics. 

It is a seooTKl object of the present invention to pro- 
vide a motor driving apparatus whereby finer braking 
control becomes possible by operatively associating the 

20 short braking system and the counter current applying 
braking system with each other and occasionally by 
switching control between the two braking systems. 

It is a third object of the present Invention to provide 
a motor driving apparatus whereby the through-current 

^ may be prohibited from flowing, for assuring correct ro- 
tational driving of the motor. 

In one aspect, the present inventton provides a mo- 
tor driving apparatus including comparison means for 
comparing t>ack-eIectromotive voltages appearing in re- 

30 spective phases of a motor having plural phases, pulse 
width modulating means for outputting pulse width mod- 
ulated signals for rotattonally driving the motor based 
upon a rotattonal error signal of said motor, minimum 
pulse width detectton means for detecting the minimum 

3S pulse width positton of the pulse wkith modulated signal 
from the pulse wtoth modulatton means, sample-holding 
means for sample-holdirYg comparison outputs of the 
comparison means at a fiming of detectton of the mini- 
mum pulse width of the pulse width modulated signal by 

^ the minimum pulse wtoth detectton means, and motor 
driving means for rotationally driving the motor based 
upon each sample-and-hold output from the sample- 
and hoW means. 

Preferably, the sample-and-hold means includes 

^ exclusive OR detection means for detecting an exclu- 
sive OR of comparison outputs of the comparator 
means, masking processing means for detecting the 
current supplying switching timing to respective phases 
for forming masking signals of a pre-set pulse wkfth at 

50 the detected timing, removing the kickback noise over- 
lato on the exclusive OR outputs from the exclusive OR 
detection means at the current supplying switching tim- 
ing to the respective phases, forming a masking signal 
of a pre-set pulse wtoth at the detected timing, rerrxsving 

^ a ktokk)ack noise overlaid on the exclusive OR output of 
sato exclusive OR detectton means at the current supply 
switching timing by sak) masking signal and outputting 
a resulting masking processed signal, edge detectton 
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means for detecting the rising and falling edges of the 
masking processed output cH the masking processing 
means, sampling means for sampling comparison out- 
puts of the comparison means based upon an edge de- 
tectkxi output of the edge detection means, sampling 
means for sampling each comparison output of the com- 
parator mear)s based upon the edge detection output of 
the edge detection means, and holding means for sam- 
pte4)okiing the sampled output of the sampling means 
except for a phase for which a back-electromotive volt- 
age is captured. 

The motor driving apparatus according to the 
present invention may also indude delay means for de- 
laying the edge detection output of the edge detection 
means after delaying the edge detection output a pre- 
set time. The sampling means samples each compari- 
son output from the comparator means based upon a 
delay output of the delay means for supplying the saiT>- 
pled comparison output to the holding means. 

The motor driving apparatus according to the 
present Inventkyi may also include current supplying 
state switching controlling means for detecting whether 
or not the edge detectkxi output of the edge detection 
means or a delayed output of the delaying means is be- 
ing supplied, vaiying the contents of the hokJing means 
if the edge detectk)n output or the delayed output are 
not supplied for a pre-set time for effecting switching 
control of the current supplying state to each phase of 
the motor. 

Preferably, the edge detectbn means detects the 
rising edge and the falling edge of a masking processed 
output of the masking processing means, white also de- 
tecting the prevailing cunent corKlucting state and esti- 
mating, based upon the prevailing current supplying 
state, whether the edge of the masking processing out- 
put to be supplied next is a rising edge or a falling edge. 
The current supplyirtg state switching controlling means 
Inverts an output of the hoUing means if an edge other 
than the estimated edge is delected by the edge detec- 
Won means for effecting switching control of the current 
supplying state to each phase. , 

The present invention further provkies a motor driv- 
ing apparatus including means for comparing each 
back-electromotive voltage appearing in each phase of 
a multi-phase motor and a common voltage which is a 
voltage at a neutral point of the motor, a reversing signal 
outputting means for outputting a reversing signal for 
applying a counter directnn current supplying braking 
for generating a counter4orque by fk>wing the current 
through the rrK>tor based upon a motor rotation error sig- 
nal supplied from outside, pulse wklth modulation 
means for outputting a pulse wkith modulated signal for 
rotationally driving the motor based upon the motor ro- 
tatkxi error signal, minimum pulse wklth detectkxi 
means for detecting the minimum pulse wkfth position 
of the pulse width modulated signal from the pulse wktth 
nrKxfulation means, sampling means for sampling each 
comparison output of the comparator means at a detec- 



tion timing of the minimum pulse width of the pulse wklth 
of the pulse width modulatkxi signal from the mininium 
pulse wkJth detectkxi means, affected phase detectbn 
means for detecting, on being fed with the reversing sig- 

s nal from the reversing signal outputting means, a phase 
in whbh a change in each back-electromotive voltage 
is produced based upon each comparison output sam- 
pled by the san^ling means, holding means for holding 
a comparison output of a phase other than the phase in 

10 whrch the change in the back-electromotive voltage as 
detected by the affected phase detection means is pro- 
duced, and motor driving means for braking the motor 
based upon each sample-heM output of the holding 
means. 

IS The foregoing emtxxiiment of rrK3tor driving appa- 
ratus according to the present inventbn may also in- 
clude maximum pulse wkith detection means for detect- 
ing the maximum pulse wklth positbn of the pulse width 
modulated signal from the pulse wkith modulation 

zo means and sampling the comparison outputs of the 
comparison outputs at the detectk)n timing of the max- 
imum pulse width. The motor driving means brakes the 
motor by short braking of generating a counter-torque 
in the motor until detection of the maximum pulse width 

2S of the pulse width modulated signal by the maximum 
pulse wkfth detection means, while the motor driving 
means brakes the motor t)y counter directkxi current 
supplying braking on detection of the maximum pulse 
width of the pulse width modulated signal. 

^ The present invention still further provides a motor 
driving apparatus of a sensor-less system for detecting 
the rotational position of a multi-phase rotor based upon 
each back-electromotive voltage appearing in each 
phase of the multi-phase motor and for on/off controlling 

35 an upper layer transistor and a lower layer transistor of 
each phase responsive to the results of detectkm for 
switching the current supplying states to each phase for 
rotationally driving the nrwtor. The nrwtor driving appara- 
tus includes switching timing detectk)n means for de- 

40 tecting the timing of switching the directk)n of rotation, 
and controlling means for simultaneously turning off the 
upper layer transistor and the lower layer transistor of 
each phase for a pre-set time at the timing of switching 
of the rotatkxial directkxi as detected by the switching 

4S timing detectkxi means. 

The latter emtxxiiment of motor driving apparatus 
according to the present inventkxi may also include 
comparison means for comparing back-electronnotive 
voltages appearing in respective phases a multi- 

50 phase motor to a common voltage which is a neutral 
point voltage of the multi-phase motor, pulse width mod- 
ulating means for outputting pulse wklth modulated sig- 
nals for rotationally driving the motor based upon a mo- 
tor rotatkxi error signal, minimum pulse width detectk>n 

55 means for detecting the minimum pulse wkith position 
of the pulse width modulated signal from the pulse width 
modutatbn means, sample-and-hoki' means for sam- 
ple-hokling comparison outputs of the comparison 
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means at a timing of detection of the minimum pulse 
width of the pulse width modulated signal by the mini* 
mum pulse width detection means, and motor driving 
means tor fomiing a control signal for each phase for 
on/off driving the upper layer transistors and the bwer s 
layer transistors based upon each sample^ield output 
from the sample-and hold means. 

The switching timing detection means preferably 
detects the maximum pulse width position of the pulse 
width modulated signal for detecting the timing of 10 
switching the rotation position. 

The motor driving apparatus according to a first as- 
pect of the present invention is an apparatus of the sen- 
sor-less system detecting the rotational position of the 
rotor based upon the back-electromotive force of each 
phase of a multi-phase motor and effecting switching 
control of the current supplying states responsive to the 
rotational position of the rotor. The comparator means 
compares the back-electromotive force appearing in 
each phase of the motor to the comrrKXi voltage which 20 
is the neutral point voltage of the motor. The pulse width 
modulating means forms and outputs a pulse wkfth 
modulation signal for rotatbnally driving the motor 
based upon a motor rotation error signal. 

I n preferred embodiments according to the first as- 25 
pect of the invention, minimum pulse wkfth detection 
means detects the minimum pulse wkfth positkm of the 
pulse wkfth modulated signal from the pulse wkmi rrKxi- 
ulatkxi means. The minimum pulse width position spec- 
ifies the period during whk^i the pulse wkJth modulated 30 
signal is turned on. The sampIe-and-hoM means sam- 
ple-hokis the comparison outputs from the comparator 
means at the detec^kxi timing of the minimum pulse 
wkith the pulse width modulated signal for detecting 
the back-electromotive force. The motor driving means 35 
rotationally drives the motor based upon the back-elec- 
tromotive force of each phase whk:h is a sample-held 
■output of the sample-and-hoM means. 

This enables direct PWM driving of directly driving 
the motor by the pulse wkith modulated signal. 40 

Spedfkally, the sample-arKi-hoki means advanta- 
geously includes exclusive OR detectkns means, 
masking processing means, edge detectkxi means, de- 
laying mearts, sampling means arKJ hokiing means. 

The exclusive OR detection means detects the ex- 45 
elusive OR of the conparison outputs of the comparator 
means and transmits the results of detectnn to the 
masking processing means. The masking processing 
means detects the current supplying switching timing to 
the respective phases and forms the masking signals of so 
the pre-set pulse wkith at this timing, and operates for 
removing the kickback noise overtakJ on the elusive 
OR output by the masking signa I at the current supplying 
switching timing. The edge d^ectkxi means detects the 
rising edge aruJ the falling edg^ of the masking process- 5S 
ing output of the masking processing means and trans- 
mits the detected edge to the sampling means. The 
sampling means samples comparison outputs of the 



comparison means based upon the edge detectk)n out- 
put of the edge detectkxi means. The holding means 
sampie-hokis the sampled output of the sampling 
means except that for the phase for whKh the back-elec- 
tromotive force is captured, thus enabling the direct 
PWM driving. 

If an Iron core rrK>tor is empk)yed as the motor, it is 
desirable to advance the current supplying phase slight- 
ly for correcting the delay in the driving current caused 
by coll Inductance. Thus, with the motor driving appara- 
tus according to these embodiments of the present in- 
ventk>n, the delaying means delays the edge detectk)n 
output the edge detection means for a pre^t time 
and transmits the delayed output to the sampling 
means. This enables the delay in the driving current due 
to the coil inductance to be compensated to capture the 
back-electromotive force at a correct timing. 

In these emtxxjiments of the motor driving appara- 
tus according to the present inventkxi, it is preferred that 
current supplying state switching controlling means de- 
tects whether an edge detectbn output is being supplied 
from the edge detectbn means or the delayed output is 
being supplied from the delaying means. The fact that 
the edge detect»n output or the delayed output is not 
supplied indk3tes that the motor is not being rotated in 
the prevailing current supplying state. Thus, if no edge 
detectk>n output nor the delayed output is supplied, the 
current supplying state switching control means varies 
the contents of the hokiing means for switching the cur- 
rent supplying state to each phase the motor. This 
enables motor start-up characteristics to be improved. 

With the rrK>tor driving apparatus according to these 
embodiments of the present invention, the edge detec- 
tion means preferably detects the rising edge and the 
falling edge of the masking processing output of the 
masking processing means and detects the prevailing 
current supplying state in order to predict whether the 
edge of the masking processing output to be supplied 
next is a rising edge or a falling edge. If the predicted 
edge is not supplied, it indicates that the motor is rotated 
in the reverse direc^ksn. Thus, if an edge other than the 
predKted edge is detected by the edge detectkm 
mearis, the current supplying state switching control 
means inverts an output of the hokJing means for switch- 
ing the current supplying state to each phase. This en- 
ables the motor to be run in rdatkMi in correct directkyi 
at all times. 

The motor driving apparatus according to a second 
aspect of the present invention is a soK:alled sensor- 
less motor driving apparatus detecting the rotatkxial po- 
sitron of the rotor based upon the back-electromotive 
force obtained for each phase of the motor and switch- 
ing the current supplying state responsive to the rota- 
tk)nal positk>n of the rc^or, wherein comparator means 
compares each back-electromotive force produced in 
each phase and a common voltage whk:h is a neutral 
point voltage of the motor. Pulse width modulation 
means forms and outputs a pulse wkfth modulated stg- 
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nal for rotatk)naDy drMng the motor based upon the 1^ 
tor rc^tion error signal. 

In such embodiments of the invention, minimum 
pulse width detection means detects the minimum pulse 
width position of the pulse width OKxIulated signal from 
the pulse width modulation means. The minimum pulse 
width position specifies the period during which the 
pulse width modulated signal ts tumed on. Sampling 
means and holding means detect the back-electromo- 
tive force by sample-holding each comparison output of 
the comparator means at the detection timing of the min- 
imum pulse width of the pulse width modulated signal. 
The motor driving means runs the motor in rotation 
based upon the back-electromotive force of each phase 
which is this sample-held output. 

This achieves direct PWM driving in which the mo- 
tor is driven directly by the PWM signal. 

In these embodiments, the reversing signal output- 
ting means outputs a reversing signal for applying re- 
verse direction current supplying braking of flowing the 
current in the nrK>tor for generating the back-electromo- 
tive force based upon the motor rotation error signal 
supplied from outskle. If fed with the reversing signal 
from the reversing signal outputting means, the affected 
phase detection means detects a phase for which are 
produced changes in each back-electromotive force 
based upon each comparison output sampled by the 
sampling means. The hoMing means holds and outputs 
one of the comparison outputs from the sampling means 
for a phase other than the phase for which are produced 
changes in the back-electromotive force as detected by 
the affected phase detectk>n means. The motor driving 
means brakes the motor based upon each sample-held 
output of the holding means. 

This enables counter directkxi current supplying 
braking in direct PWM driving. 

In such embodiments, it is preferred that maximum 
pulse width detectkm means detects the maximum 
pulse width positkxi of the pulse width modulated signal 
from the pulse wkith modulation means and samples the 
comparison outputs of the comparator means at the de- 
tectkxi timing of the maximum pulse wkith. The motor 
driving rnearis brakes the nriotor by short braking of gen- 
erating the counter4orque in the motor based upon the 
motor rotating current until detection of the maximum 
pulse wkith of the pulse wkith modulated signal by the 
maximum pulse wkith detectkxi means. If the maximum 
pulse width of the pulse wkith modulated signal is de- 
tected, the rrx>tor is braked by the counter directkxi cur- 
rent supplying braking. 

Thus the short braking may be switched to the coun- 
ter directkxi current supplying braking or ytce versa ac- 
cording to requirements. 

The motor driving apparatus according to a third as- 
pect of the present inventkxi is a sensor-less nrx^tor driv- 
ing apparatus detecting the rotatkxial positkxi of the ro- 
tor based upon the back-electromotive force obtained 
for each phase of the motor and switching the current 



supplying state responsive to the rotatkxial positkxi of 
the rotor by oh/off controlling the upper and k>wer layer 
transistors of each phase for rotatkxially driving the mo- 
tor. The switching timing detectkxi means detects the 
s rotational directkxi switching timing. 

During the time of switching the rotational directkxi, 
the upper layer transistor is controlled to t>e tumed off, 
while the tower teyer transistor is controlled to be tumed 
on. Since the transistor has characteristics of rising 
10 sharply and decaying gradually over a certain time when 
tumed on and off, respectively, the turn-off period of the 
upper layer transistor is partially overlapped with the 
tum-on period of the lower layer transistor, so tfiat a 
through-current is produced. Thus the control means 
IS turns off the upper and tower layer transistors of the re- 
spective phases simultaneously for a pre-set time at the 
rotatkxial direction switching timing as detected by the 
switching timing detection means. The time pertod dur- 
ing which the two transistors are compulsorily tumed off, 

20 corresponding to the time period during which the two 
transistors are tumed on, may be set for the parttoular 
transistors in use. Thus it becomes possible to switch 
the current supplying states to the respective phases af- 
ter complete switching of the on-off control states of the 

2S two transistors to prevent the through-current. 

For realizing direct PWM driving of directly rotation- 
ally driving the motor by PWM signal in such embodi- 
ments of the inventkMTi, preferably comparator means of 
the motor driving apparatus of the present Invention 

30 compares the back-electromotive force induced in each 
phase of the motor to the common voltage which is the 
neutral point voltage of the motor. The pulse wkith mod- 
ulation means forms and outputs a pulse width modu- 
lated signal for rotatlonally driving the motor t)ased upon 

35 the nrxjtor rotation error signal. The minimum pulse width 
detection means detects the minimum pulse wkith po- 
sitkxi of the pulse wkith modulation signal from the pulse 
width modulation means. The positkxi of the minimum 
pulse wkith specifies the period during which the PWM 

40 signal is tumed on. The sample-and-hold means sam- 
ple-hokis each comparison output of the comparator 
means at the detectkxi timing of the minimum pulse 
wkith of the PWM signal. 

With direct PWM driving In such embodiments, 

^ each comparison output of the comparator means is 
varied with the PWM signal thus making it impossible to 
detect the back-electromotive force. If, however, each 
comparison output Is sample-held during the perkxi 
when the PWM signal is tumed on, the back-electrpmo- 

50 trve force can be detected even during direct PWM driv- 
ing. The motor driving means runs the motor in rotatton 
based upon the back-electronnotrve force in each phase 
which is the sample-heki output of each sample-and- 
hoki means. 

55 When carrying out such direct PWM driving, the 
switching timing detectkxi means of the motor driving 
apparatus according to the present inventkxi detects the 
maximum pulse width positkxi of the PWM signal. The 
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maximum pulse vvidtti position of the P WM signal spec- 
ifies the rotational direction switching timing. Thus the 
control means controls the two transistors simultane- 
ously at the maximum pulse width timing for thereby pro- 
hibiting the through-current as described above. 

BRIEF DESCRIPTtON OF THE DRAWINGS 

Fig.1 IS a block diagram showing a conventional 
motor driving apparatus. 

Fig.2 is a circuit diagram of a filter circuit and a com- 
parator provided in the conventional motor driving ap- 
paratus. 

Fig.3 is a time chart for illustrating the operation dur- 
ing normal rotation of the conventional mcAor driving ap- 
paratus. 

Rg.4 is a circuit diagram of a voltage conversion 
circuit provided In the conventional motor driving afxpa- 
ratus. 

Fig.5 is a circuit diagram d a driving unit provided 
in the conventional motor driving apparatus. 

Fig.6 is a time chart for illustrating the reason the 
direct PWM driving cannot be achieved with the oonverv 
tlonal motor driving apparatus. 

Fig,7 is a block diagram showing an embodiment of 
the motor driving apparatus according to the present in- 
vention. 

Fig.8 is a time chart for illustrating the operatcn dur- 
ing normal rotation of the motor driving apparatus shown 
in Fig.7. 

Fig.9 is a circuit diagram of a circuit for comparing 
the common voltage and the back-electromotive force 
in each phase coil provided tn the motor driving appa- 
ratus shown in Fig.7. 

Fig. 10 is a circuit diagram showing a full-wave rec- 
tifier circuit provided in the nrK>tor driving apparatus 
shown in Fig.7. 

Fig. 11 is a block diagram d a k)gic unit provkied in 
the motor driving apparatus sfKTwn in Fig.7. 

Fig. 12 is a circuit diagram showing a mask circuit 
provided in the togk: unit of Fig.1 1. 

Fig. 1 3 is a circuit diagram showing an edge d^ector 
provided in the togb unit. 

Fig. 1 4 is a circuit diagram showing a time delay unit 
provided in the bgic unit. 

Fig. 1 5 is a circuit diagram showing a starter unit pro- 
vided in the logk: unit 

Fig.16 is a circuit diagram showing a decoding unit 
provided in the bgic unit. 

Fig. 1 7 is a circuit diagram showing a timing control- 
ler provkied in the logk: unit. 

Fig. 1 B is a circuit diagram showing a PU. drcurt pro- 
vided in the logk: unit 

Fig. 1 9 is a circuit diagram showing a timing control- 
ler provkted in the iogc unit. 

Fig.20 is a timing chart for illustratirtg the detection 
timing for detecting the back-electromodve force during 
PWM control of the motor driving apparatus shown in 



Fig.7. 

Fig.21 is a timing chart for illustrating the operation 
of prohibiting the through-current of the motor driving 
apparatus shown in Fig.7. 
s Fig.22 is a toming chart for illustrating the switching 
operatkxi of switching between the short braking system 
and the current conductron braking system in the motor 
driving apparatus shown in Fig.7. 

Fig.23 is a timing chart for illustrating an output con- 
10 troller provide in the logk: unit shown in Fig.11. 

Fig.24 is a circuit diagram of a driving unit provkied 
in the motor driving apparatus shown in Fig.7. 

Fig.25 is a timing chart for illustrating the PWM op- 
eration during normal rotatkxi of the motor driving ap- 
is paratus shown in Fig.7. 

Fig.26 is a circuit diagram for illustrating the switch- 
ing operatbn of switching from the usual rotation to the 
counter current applying braking system of the motor 
driving apparatus.shown in Fig.7. 
20 Fig.27 is a timing chart for illustrating the operation 
during counter directkxi current supplying braking appli- 
cation of the motor driving apparatus shown in Fig.7. 

Flg.28 is a timing chart for illustrating the PWM op- 
eration during counter directkxi current supplying brak- 
25 ing applk»tkxi of the motor driving apparatus shown in 
Fig.7. 

Fig.29 is a circuit diagram for illustrating the current 
path during counter directk)n current supplying braking 
and current path during short braking of the motor driv- 
30 ing apparatus shown in Fig.7. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 Refening to the drawings, preferred embodiments 
of a motor driving apparatus according to the present 
invention will be explained in detail. 

The mcAor driving apparatus embodying the 
present inventbn is a so-called sensor-less motor driv- 

40 ing apparatus, and includes a comparator 2 for compar- 
ing back-electromotive voltages Uin. Vin and Wm gen- 
erated in a U-phase coll 1U. a V-phase coil IV and in a 
W-phase coil 1 W, respectively, to a reference common 
voltage COM, generated at a neutral point 1 a of a three- 

45 phase motor 1 , and a full-wave rectifier 3 for full-wave 
rectifk:ation of a rotatkxial servo signal (V control) of the 
three-phase motor 1 for outputting a rectified signal as 
a reference signal Vrec, and for outputting a reversing 
signal for applying a rotational braking to the three- 

so phase motor 1 , when a minus sign rotatkxial servo sig- 
nal is supplied thereto, for applying a rotatkxial braking 
to the three-phase motor 1 , as shown in Fig.7. 

The motor driving apparatus includes a logic unit 9 
for generating and outputting control signals Uu. Ul, \Aj, 

ss VI, Wu and Wl for driving the driver 1 0 and for driving 
the PWM circuit 7, based upon the pulse width modu- 
lated signal from the PWM circuit 7, comparison signals 
U, V and W from the comparator 2 and the reversing 
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signal from the full-wave rectifying circuit 3. The motor 
driving apparatus also includes a driver 10 for driving 
the three-phase motor 1 responsive to the control sig- 
nals Uu, Ul, Vu. VI. Wu and Wl from the logic unit 9, and 
a current detection resistor 11 for detecting the driving 
current of the three-phase motor 1 in the form of a volt* 
age and for supplying the resulting voltage to the com- 
parator 4 via an integration circuit consisting of the re- 
sistor 5 and the capacitor 6. 

The operation of the alxsve-described motor driving 
apparatus of the instant embodiment is as folbws: If the 
current is supplied to. for example, the U-phase coil 1 U 
and the V-phase coil 1 V of the th ree-phase motor 1 , the 
U-phase coil 1U arid the NAphase coil IV operate for 
generating the torque and thus act as a motor. However, 
the remaining W-phase coil 1 W operates as a generator 
for generating a back-electromotive voltage. The motor 
driving apparatus of the instant embodiment is config- 
ured for detecting the rotational position of the rotor 
teased upon the back-electromotive voltages generated 
in the phase coils 1 1 V and 1 W for switching control 
of the current conducting state responsive to the results 
of detection for rotatonally driving the three-phase mo- 
tor 1. 

Specifically, the back-electromotive voltages Uin. 
Vin and Win. generated In the phase coils 1 U. 1 V and 
1 W. as shown in Fig.B. and the common voltage COM 
at a common terminal 1 a, which is a voltage at a neutral 
point of the three-phase motor 1 . are fed to the compa- 
rator 2. 

The comparator 2 is made up of three comparators 
2a to 2c for the U-phase. V-phase and the W-phase. as 
shown in Fig. 9. The conrtnKin voltage COM is fed as a 
reference voltage to each of the comparators 2a to 2c. 
The back-electromotive voltages Uin, Vin and Win are 
supplied via resistors to the comparator 2a for U-phase. 
comparator 2b for Vphase and to the comparator 2c for 
W-phase. respectively. The comparators 2a to 2c com- 
pare the back-electranrx>tlve voltages Uin. Vin and Win, 
with the common voltage COM as a reference, as shown 
in Fig.8a. to generate comparison signals U, V and W. 
shown in Figs.8b toSd. These comparison signals are 
routed to the k)gk: unit 9. 

The kickback noise, shown in Figs.Sb to 8d, is su- 
perimposed on the comparison signals U, V and W at 
the current conduction switching timing to the respective 
phase coils 1U, IV and 1W. respectively. 

The full-wave rectifier circuit 3 Is configured as 
shown in Fig.10 and has a first comparator 3a for com- 
paring the rotational serm signal (V control), generated 
by the rotatbnal sen/o system or a digital signal proc- 
essor (DSP), based upon the rotating state of the three- 
phase motor 1 , to the reference voltage from the refer- 
ence voltage generating circuit 3b. and a second com- 
parator 3c for comparing the comparison output of the 
first comparator 3a to the reference voltage, for full- 
wave rectif»atkxi of the rotatkxial sen/o signal. The full- 
wave rectified rotatkxial servo signals are outputted as 



the reference voltage Vrec. 

If the rpm of the three-phase motor 1 exceeds a pre- 
set value, the rotatkyial servo signal is the minus input 
for k>wering the rpm. Thus the full-wave rectifier circuit 
s 3 compares the reference voltage to the rotatk)nal sen^ 
signal in the third comparator 3d. If supplied with the 
minus-input rotational servo signal, the full-wave rectifi- 
er circuit 3 forms a reversing signal (Reverse) for apply- 
ing a rotatkxial braking to the three-phase motor 1 and 
10 transmits the reversing signal (Reverse) to the logic unit 
9 as later explained. 

The current detection resistor 11 (Risens) detects 
the current, supplied to the r^ective phase coils 1 U. 
1 V and 1 W. in the form of a voltage. This detectkxi signal 

IS (Current Sense) is integrated by the integration circuit 
consisting of the resistor 5 and the capacitor 6 so as to 
be supplied to the comparator 4. 

The comparator 4 compares the reference signal 
Vrec from the full-wave rectifier circuit 3 to the integrated 

20 detection signal (Current Sense) detected by the current 
detection resistor 11 and routes the comparison output 
Verr to the pulse width modulatbn (PWM) circuit 7. 

The PWM circuit 7 modulates the conrtparison out- 
put by pulse width modulatton to form a pulse width mod- 

25 ulated signal (PWM Carrier) which is supplied to the log- 
ic unit 9. This indcates that the current driving by pulse 
width rrKXIulatkxi is being carried out. 

The togic unit 9 is configured as shown in Fig.11, in 
which the comparison signals U, V and W, having the 

30 kk:kback noise from the comparator 2 superimposed 
thereon, are supplied to an exclusive OR (Exor) circuit 
20 and a three-phase togic unit 28. 

The Exor circuit 20 takes an exclusive OR of the 
comparison signals U, V and W to form an Exor signal 

3S shown in Fig.Be. The Exor signal, thus generated, is 
supplied to a masking circuit 21. Since the kk:kback 
noise is superimposed on the comparison signals U. V 
arKi W, the kickback noise is superimposed on the Exor 
signal as well. The rising edge and the falling edge of 

40 the Exor signal specifies the zero-crossing points of the 
common voltage COM and the back-electromotive volt- 
ages Uin, Vin and Win as shown in Fig.8a 

The masking circuit 21 . shown in Fig.12, has a first 
AND gate 21a fed with the Exor signal having the kick- 

45 back noise superimposed thereon and a first mask sig- 
nal Maski from the inverter 21c. arKl an OR gate 21 d 
fed with an output of the first AND gate 21 a and a second 
AND gate 21 b. The masking circuit 21 also has the sec- 
ond AND gate 21 b fed with the first mask signal and an 

50 output of the OR gate 21 d, and a D-flipflop 21 e for syn- 
chronizing an output of the OR gate 21 d. 

The first mask signal is formed at the current supply 
switching timing by a time delay circuit 23 as later ex- 
plained, and has a pulse wkith of, for example, two in- 

55 temai ckx:ks from a timing controller 27. as later ex- 
plained, as shown in Fig.8j. The D-fiip-flop 21 e synchro- 
nizes outputs of the OR gate 21 d with respect to the in- 
ternal ckx:ks. 
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Specifically, the masking circuit 21 holds the previ- 
ous state of the Exor s^nal. or directly outputs the Exor 
signal when the first mask signal is at a high level or at 
a kyw level, respectively This generates a niasked Exor 
si^l, no longer containing the kk:kt>ack noise, as s 
shown in Fig.8f. This masked Exor signal is fed to an 
edge detector 22 shown in Fig.11 . 

The pulse wkfth dt the first mask signal is equal to 
the pulse width corresporKiing to two interr^l ckx:ks. 
The reason is that the kk^kback noise in this case Is gen- io 
erated with a pulse wktth not larger than the two clock 
pulses. The pulse wkfth of the first mask signal differs 
with the motor wtiose rotatkxi is to be controlled. Thus 
the pulse wkith dl the first mask signal is preferably set 
in dependence upon the pulse wkith of the kkrkback is 
noise of the motor whose rotatkx) is to be controlled. 

The edge detector (synchronous differentiating cir- 
cuit) 22 includes a first D-flipftop 22a for syrK:hroniztng 
the masked Exor signals with respect to the internal 
clocks and a second D-flqjflop 22b for re-synchronizing 20 
the masked Exor signals, synchronized by the first D- 
flipflop 22a. with respect to the internal ckx:K as shown 
in Fig. 13. 

The edge detector 22 has a first AND gate 22f for 
taking a togical prcxiuct of the masked Exor signal from 2S 
the first D-flipftop 22a, a second mask signal inverted in 
polarity by an inverter 22d as later explained and a 
masked Exor signal from the second D41ipftop 22b in- 
verted In polarity by the Inverter 22c, and a second AND 
gate 22g for taking the togical product of the masked 30 
Exor signal from the first D-flipflop 22a, Inverted in po- 
larity by the inverter 22e, the second mask signal and 
the masked Exor signal from the second D-flipflop 22b. 
The edge detector 22 has also a first OR gate 22h for 
taking the logk^al sum of togical outputs of the first and 3S 
second AND gates 22f , 22g. 

The edged^ector22 has a third AND gate 22i for 
taking a togtoal product of the masked Exor signal from 
the first D-flipftop 22a the second mask signal and the 
mask Exor signal from second D-flipftop 22b, inverted 40 
in polarity by an inverter 22c as tater explained, and a 
fourth AND gate 2^ for taking the togtoal product of the 
masked Exor sigrial from the first D-flipftop 22a. inverted 
in polarity by the inverter 22e, the second mask signal 
inverted in polarity by the inverter 22d, and the masked 4S 
Exor signal from the second D-f1^op 22b. The edge 
detector 22 also has a second OR gate 22k for taking 
the togical outputs of the first AND gates 221 and 22j. 

The second mask signal is formed by predictton by 
the decoding unit 29, as later explained, based upon the so 
current conducting state in the phase coils 1U, 1 V and 
1W of the three-phase motor 1. In further detail, the 
three-phase motor 1 is rotattonally driven by six current 
conducting patterns, that is a first current conductton 
pattern, consisting in a combinatton of high (H), tow (L) ss 
and high (H), a secorid current conduction pattern, con- 
sisting in a combinatton of H, L and U a third current 
conductton pattern, consisting in a combtoatton of H, H 



and U a fourth current conductton pattem, consisting in 
a combinatton of L, H and 1^ a fifth cun-ent conduction 
pattem, consisting in a combinatton of L, H and H and 
a sixth current conduction pattem, consisting in a com- 
bination of L, L and H, of back-electromotive voltages 
Ures, Vires and Wres shown in Figs.8k to 8m. The com- 
binations of H, H, H and L, L, L are not employed. Thus 
the decoding unit 29 is able to predict the next cunent 
conduction pattem by decoding the prevailing current 
conductton of the back-electromotive voltages Ures. 
Vres and Wres. The predtotton output is the above-men- 
tioned second mask signal. 

The back-electromotive voltages Ures, Vres and 
Wres are inverted in polarity during rotatton in the usual 
directton and during rotation in the reverse directton. 
Thus the sequerK:e of the current conduction patterns 
is reversed during rotation in the usual directton com- 
pared with during rc^tion in the reverse directton. Thus 
the edge detector 22 switches between the SD Exor sig- 
nal and the Invert signal for the rotatton in the usual di- 
rection and for the rotation in the reverse direction, re- 
spectively, and outputs the so-selected output. 

Thus the masked Exor signal is supplied to the first 
flipflop 22a Thus the first D-flipflop 22a counting the In- 
temal clocks by one transmits the masked Exor signal 
to the first and third AND gates 22f , 22i. The first D-f!ip- 
fiop 22a also transmits the masked Exor signal via the 
inverter 22e to the second and fourth AND gates 22g, 
22j. The second D-flipflop 22b counting the internal 
ctocks by one transmits the masked Exor signal via the 
inverter 22c to the first and third AND gates 22f. 22i, 
while transmitting the same signal to the second and 
fourth AND gates 22g. 22j. 

Thus, during rotatton in the usual direcfion, the SD 
Exor signal having a pulse width corresponding to one 
internal ctock. as shown in Fig.8g, is formed by the sec- 
ond mask signal at the third and fourth AND gates 22i. 
22j at the rising timing and at the decay timing of the 
masked Exor signal. This SD Exor signal is supplied via 
the secoTKl OR gate 22k to the mask circuit 21, while 
being also supplied to a time delay circuit 23. a starting 
unit 24 and to a phase locked toop (PLL) circuit 25. 

During rotation in the usual direction, an inverted 
signal (Invert) having a pulse width corresponding to 
one internal ctock is formed by the second mask signal 
at the first and second AND gates 22f. 22g at the rising 
timing and at the decay timing of the masked Exor sig- 
nal. This inverted signal Invert is supplied via the first 
OR gate 22h to a three-phase logic unit 28 as later ex- 
plained. 

The three-phase motor 1 is an Iron-core motor, for 
example, and is driven by being fed with current over 
120 degrees electric, as shown in Fig. 8a. For driving 
such iron-core motor (three-phase motor 1 ), the current 
supply is preferably advanced in phase to a slight extent 
for correcting the delay in the driving current due to coil 
inductance. Thus the time delay unit 23 delays the signal 
SD Exor by, for example, 30 degrees electric. The pertod 
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of the signal SD Exor is 60 degrees electric, such that, 
if the internal clock has a f requerK:y eight times as large 
as the signal SD Exor, the period of the internal clock is 
60 -s- 8 pulses = 7.7 degrees. Thus, for delaying 30 de- 
grees electric, it suffk:es to count four internal clocks. s 

Specifk:alty, the time delay unit 23 is configured as 
shown for example in Ftg.14. tn which first to sixth shift 
registers 23a to 23f are reset by the rising edge of the 
signal SD Exor for transferring a high-level signal to the 
next stage of the shift register for each internal ckx:k. A io 
first AND gate 23h is fed with an output of the fourth shift 
register 23d and an output of the fifth shift register 23e 
inverted by an inverter 23g. Thus the first AND gate 23h 
forms a signal Delay T of one pulse wkJth, at a timing of 
counting the signals SD Exor by four internal clocks, as is 
shown in Fig.Bi. Since the internal ckxk has a period of 
7.5 degrees, the signal Delay T, whkrh is the signal SD 
Exor delayed by 30 degrees electric, may be formed by 
counting four internal ckx:ks (Fig.8a). This signal Delay 
T. which becomes high at the current supply switching 20 
timing to the phdse coils U. V and W, is supplied to the 
three-phase k)gic unit 28. The signal Delay T is used in 
the three-phase logic unit 28 as a sampling pulse for the 
back-electromotive voltages Uin, Vin and Win, as will be . 
explained subsequently. 2S 

The secofKl AND gate 2^ is fed with an output of 
the fourth shift register 23d and an output of the sixth 
shift register 23f Inverted by the Inverter 23i. Thus the 
second AND gate 23j forms and outputs the first mask 
signal having the pulse wkfth corresponding to the two 30 
internal ckx:ks, as shown in Fig.8j. If the pulse wkith of 
the first mask signal is increased excessively, masking 
proceeds to the zero-crossing point of the back-electro- 
motive voltage thus affecting the current supply timing 
for the nrrator Thus. In the Instant embodiment, the pulse 35 
wkfth of the first mask signal is set to two internal ckx^ks. 
that is 15 degrees electric. The first mask signal is fed 
to the mask circuit 21 so as to be used for masking the 
kk^cback noise. 

In the time delay unit 23, an output erf the sixth shift 40 
register 23f goes high at the same time as the first mask 
signal goes tow. The high-level signal is fed to the start- 
ing unit 24 as a trigger signal (signal Flug) for actuating 
the starter 24 now explained. 

Referring to Fig.1 5, the starting unit 24 includes first 45 
to fifth counters 24a to 24e reset by the signal SD Exor 
for counting the internal ckx:ks, and a first AND gate 24f 
for taking the k>gk:al product of outputs of the first and 
second counters 24a. 24b for supplying the resulting 
signal to the third counter 24c. The starting unit 24 also so 
includes a second AND gate 24g for taking the togical 
product of outputs of the first to third counters 24a to 
24c for supplying the resulting signal to the fourth coun- 
ter 24d. The starting unit 24 also includes a third AND 
gate 24h for taking the togk»l product of outputs of the ss 
first to fourth counters 24a to 24d for supplying the re- 
sulting signal to the fifth counter 24e. The starting unit 
24 also includes a fourth AND gate 24i for taking the 



togical product of the first to fifth counters 24a to 24e for 
outputting the resulting signal, and a D-flipftop 24j for 
synchronizing an output of the fourth AND gate 24t 
based upon internal ckxks and outputting the resulting 
signal as a signal Step for switching the current supply- 
ing patterns. 

The signal Flug is supplied perkxiically to the start- 
ing unit 24 for each complete revolutkxi of the three- 
phase mcAor 1 . If, however, the current is supplied to an 
inappropriate phase coil, or the motor is at a standstill, 
the signal Flug ceases to be supplied to the starting unit 
24. In such a state, the current continues to be supplied 
to the same phase coil so that the motor cannot be ^rt- 
ed, while there is a risk of the phase coil being destroyed 
by t>eing continuously fed with cunent. Thus the starting 
unit 24 is started at a timing when the high-level Flug 
signal is supplied, that is directly after the current sup- 
plying state is switched after sampling the back-electro- 
motive voltage, and counts 32, for example, of the inter- 
nal ckx:ks. If the signal SD Exor is not supplied until 
counting 32 internal ckxks, the three-phase rrx^tor 1 is' 
deemed to be at a standstill, and a signal Step for switch- 
ing to the next current conductbn pattern is issued. This 
signal Step is supplied to the three-phase logic unit 28. 

The operatton of the starting unit 24 ceases when 
the zero-crossing point of the back-electromotive volt- 
age is detected and the counters 24a to 24e are reset 
by the signal SD Exor. 

The count number of the internal ckx:ks. herein 32 
counts, are set In dependence upon the torque constant 
of the three-phase motor 1 or the inertia operating as 
toad. The count number may, however, be set to any 
arbitrary value other than the above-given value. 

The three-phase logic unit 28 samples the back- 
electro-motive voltages U. V and W, based upon the 
above signal Delay T. and forms the back-electromotive 
voltages Ures. Vres and Wres as sampled outputs. 
whk:h are supplied to the decoding unit 29. 

The decoding unit 29 is configured as shown in Fig 
16, and includes a Uu signal forming unit 35 for forming 
a first control signal Uu for on/off control of an upper lay- 
er transistor for the U-phase coil, a Ul signal fonming unit 
36 for forming a second control signal Ul for on/on con- 
trol of a tower layer transistor for the U-phase coil, a \/u 
signal forming unit 37 for forming a third control signal 
Vu for on/off control of an upper layer trartsistor for the 
V-phase coil, a VI signal forming unit 38 for forming a 
fourth control signal VI for on/off control of a lower layer 
transistor for the V-phase coil, a Wu signal forming unit 
39 for forming a fifth' control signal Wu for on/off control 
of an upper layer transistor for the W-phase coil, and a 
Wl signal forming unit 40 for forming a sixth control sig- 
nal Wl for on/off control of a tower layer transistor for the 
W-phase coil. The respective trarisistors are provided in 
the driver 10 shown in Fig.7. The decoding unit 29 in- 
cludes first to third OR gates 29a to 29c for forming third 
mask signals Mask34J, Mask3-V and Mask3-W for the 
V-and W phases, respectively, whch become high 
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level signal for a pre-set period at a timing of ^^pearance 
of changes in the back-electromotive voltages U» the 
respective phases U, V and W, and fir^ to third inverters 
29d to 29f for inverting the t>ack-electromotive voltages 
Ures. V^es and Wres frorn the three-phase togk: unit 28 s 
and outputting the inverted signals. 

The Uu signal forming unit 35 has an AND gate 35a, 
supplied with the back-electromotive voltage Ures, the 
back-electrorrtotive voltage Vres, inverted by the second 
inverter 29e. and the back-electromotive voltage Wres. io 
inverted by the third inverter 29f, an AND gate 35b. sup- 
plied with the back-electromotive voltage Ures, the 
back-electrorTK)tive voltage Vires, inverted by the second 
inverter 29e, arKJ the back-electromotive voltage Wires, 
and an OR gate 35c for outputting the logical sum of is 
outputs of the AND gates 35a, 35b, as the first control 
signal Uu. 

The Ul signal forming unit 38 has an AND ^te 36a, 
supplied with the back-electrorrwtive voltage Ures, in- 
verted by the first inverter 29d. the back-electromotive 20 
voltage Vres, and the back-electromotive voltage Wi-es, 
inverted by the third snverter 29f , an AND gate 36b, sup- 
plied with the back-electromotive voltage Ures, inverted 
by the first inverter 29d, the back-electromotive voltage 
Vres and the back-electromotive voltage Wres, and an 2s 
OR gate 36c for outputting the bgkal sum of outputs of 
the AND gates 36a and 38b as the second control signal 
UL 

The Vu signal forming unit 37 has an AND gate 37a, 
supplied with the back-electromotive voltage Ures, In- 30 
verted by the first Inverter 29d, the back-electromotive 
voltage Vres and the back-electrpmotive voltage Wres, 
inverted by the third inverter 29f, an AND gate 37b. sup- 
plied with the back-electromotive voltage Ures, the 
back-electromotive voltage Vres and the back-electro- 3S 
motive voltage Wres, inverted by the third inverter 29f. 
and an OR gate 37c for outputting the k)gkal sum of 
outputs of the AND gates 37a and 37b as the third con- 
trol signal VU. 

The VI signal forming unit 38 has an AND gate 38a, 40 
supplied with the back-electromotive voltage Ures, in- 
verted by the first Inverter 29d, the back>electromotive 
voltage Vires, inverted by the second inverter 29e. and 
the back-electromotive voltage Wres, an AND gate 38b, 
supplied with the t3ack-electromotive voltage Ures, the ^ 
back-electromotive voltage Vires, inverted by the secortd 
inverter 29e. and the back-electromotive voltage Wires, 
and an OR gate 38c for outputting the bgksl sum of 
outputs of the AND gates 38a. 38b as the fourth control 
signal VI. so 

The Wu signal forming unit 39 has an AND gate 39a. 
supplied with the back-electromotive voltage Ures, in- 
verted by the first inverter 29d. the back-electromotive 
voltage Vres, inverted by the second vwerter 29e, and 
the back-e{ectrorTK)tive voltage Wres, an AND gate 39b, ss 
supplied with the back-electromotive voltage Ures. in- 
verted by the first inverter 29d. the back^lectromotlve 
voltage Vres, and the back-electromotive voltage Wires, 



and an OR gate 39c for outputthg the logical sum of 
outputs of the AND gates 39a and 39b as the fifth control 
signal WU. 

The Wl signal forming unit 40 has an AND gate 40a. 
supplied with the back-electromotive voltage Ures. the 
back-electromotive voltage Vres. inverted by the second 
inverter 29e, artd the back-electromotive voltage Wres, 
inverted by the third inverter 29f, an AND gate 40b, sup- 
plied with the back-electroHDotive voltage Ures. the 
t)ack-electrorTK>tive voltage Vires, and the back-electro- 
motive voltage Wres, inverted by the inverter 29f, and 
an OR gate 40c for outputting the logical sum of outputs 
of the AND gates 40a and 40b as the sixth control signal 
Wl. 

The first OR gate 29a, fed with an output of the AND 
gate 37b of the VU signal forming unit 37 and an output 
of the AND gate 39a of the WU signal forming unit 39, 
takes a togk^al sum of the outputs for forming the third 
mask signal Mask3-U. 

The second OR gate 29b, fed with an output of the 
AND gate 35a of the Uu signal forming unit 35 and an 
output of the AND gate 39b ol the WU signal forming unit 
39, takes a logical sum of the outputs for forming the 
third mask signal Mask3-V. 

The third OR gate 29c, fed with an output of the AND 
gate 37a of the Vu signal forming unit 37 and an output 
of the AND gate 35b of the Uu signal formvig unit 35, 
takes a logrcal sum of the outputs for forming the third 
mask signal h4ask3-W. 

The above-described decoding unit 29 forms first to 
sixth control signals Uu to Wl for on/off control of the 
upper and bwer layer transistors of the respective phas- 
es, based upon the atx>ve-described first to sixth current 
supplying pattems of the back-electromotive voltages 
Ures, Vres and Wres. 

That is, if the back-electromotive voltages Ures, 
Vres and Wres supplied to the decoding unit 29 are of 
the first current supplying pattern (H, L, H) and the sec- 
ond current supplyir^ pattern (H, L, L) shown in Figs.Sk 
to 8m, the Uu signal forming unit 35 outputs the first con- 
trol signal Uu. whk^h is at high level during this time, as 
shown In Fig.8n 

Similarly, if the t)ack-electromotive voltages Ures, 
Vres and Wres supplied to the decoding unit 29 are of 
the fourth current supplying pattern (L, H, L) and the fifth 
current supplying pattern (L, H, H) shown In Figs.8k to 
8m, the Ul signal forming unit 36 outputs the second 
control signal Ul, which is at high level during this time, 
as shown in Fig. 8s. 

If the back-electromotive voltages Ures, Vres and 
Wres supplied to the decoding unit 29 are of the third 
current supplying pattem (H, H, L) and the fourth current 
supplying pattem (L, H, L) shown in Figs.Sk to 8m, the 
Vu signal forming unit 37 outputs the third control signal 
Vu, which is at high level during this time, as shown in 
Fig.St. If the back-electromotive voltages Ures, Vres and 
Wres supplied to the decoding unit 29 are of the first 
current supplying pattem (H, L, H) and the sixth current 
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supplying pattern (L. U H) shown in Rgs.8k to Bm, the 
VI signal formtng unit 38 outputs the fourth control signal 
VI, which is at high level during this time, as shown in 
ng.8u. 

If the back-electromotive vottages Ures, Vires and s 
Wres supplied to the decoding unit 29 are of the fifth 
current supplying pattern (U H. H) and the sixth current 
supplying pattem (L. L. H) shown in Figs.Bk to 8m, the 
Wu signal forming unit 39 outputs the fifth control signal 
Wu, which is at high level during this time, as shown in io 
Rg.8v. If the t>ack-electrom(^e voltages Ures, Vk^es 
and Wres supplied to the decoding unit 29 are of the 
second current supplying pattem (H, L, L) and the third 
current supplying pattem (H. H. L) shown in Figs.8k to 
8m, the W1 signal forming unit 40 outputs the sixth con- is 
trol signal Wl, which is at high level during this time, as 
shown in Fig.8w. 

The control signals Uu to WI. thus formed, are sup- 
plied to an output controller 30, whk:h will be explained 
sut>sequentty. 20 

The first OR gate 29a takes a logical sum of an out- 
put of the AND gate 37b of the VU signal forming unit 37 
and an output of the AND gate 39a of the Wu signal 
forming unit 39 for forming a third mask signal Mask3-U 
which goes high for a pre-set period at the change timing 2S 
of the back-electromotive voltage Ures as shown in Fig. 
80. This third mask signal is fed to the three-phase bgic 
unit 28. 

The second OR gate 29b takes a togical sum of an 
output of the AND gate 35a of the Uu signal forming unit 30 
35 and an output of the AND gate 39b of the Wu signal 
fonming unit 39 for formbig a third mask signal Mask3-V 
whbh goes high for a pre-set period at the change timing 
of the back-electronrK>tive voltage Vres as shown in Fig. 
8p. This third mask signal is fed to the three-phase bgic 3S 
unit 28. 

The third OR gate 29c takes a togical sum of an out- 
put of the AND gate 37a the VU signal forming unit'37 
and an output of the AND gate 35b of the Uu signal form- 
ing unit 35 for fonning a third mask signal Mask3-W as ^ 
shown in Fig.8q. This third mask signal is fed to the 
three-phase logic unit 28. 

Thus the OR gates 29a to 29c predct which one of 
the edges of the back-electromotive voltages Ures, Vires 
and Wres is oncoming next based upon the cu rrent sup- 45 
plying pattems and send the predicted edge as the third 
mask signal (Mask34J, Mask3-V or Mask3-W) to the 
phase logk: unit 28. 

Referring next to Rg.17, the three-phase togic unit 
28 has a U-sampltng circuit 45 for sampling the back- so 
electromotive voltage U among the back-electromotive 
voltages U, V and W as the comparison outputs of the 
comparator 2 shown in Fig.7. and a register 28i for U 16r 
hokJing the t>ack-electromotive voltage U s^pled by 
the U-sampling circuit 45, The three-phase bgic circuit ss 
28 also includes a register control circuit 46 for U for 
inverting the contents of the register 28i for U by an in- 
version signal Invert from the edge detector 22 on de- 



tection of the reverse rotatkyi of the three-phase motor 
1 or stepping the current supplying pattem for the reg- 
ister 28i for U as the next current supplying pattem by 
the step signal Step from the starting unit 24 in case of 
failure of rotor rotatkxi. 

The three-phase logk: unit 28 includes a V-sampling 
circuit 47 for sampling the back-electromotive voltage 
V, arwJ a register for V 28j for hokJing the back-electro- 
motive voltage V sampled by the V sampling circuit 47. 
The three-phase k>gk: unit 28 also irK:ludes a register 
control circuit for V 48 for inverting the contents of the 
register for V 28j by the inverskjn signal (Invert) on de- 
tection of the reverse rotatkxi of the three-phase motor 
1 or stepping the current supplying pattem for the reg- 
ister 28j for V as the next current supplying pattem by 
the step signal Step in case of faDure of rotor rotatton. 

The three-phase \oq\c unit 28 also includes a W- 
sampling circuit 49 for sampling the back-electromotive 
voltage W, and a register for W 28k for hokiing the back- 
electromotive voltage W sampled by the W sampling cir- 
cuit 49. The three-phase )og\c unit 28 also includes a 
register control circuit for W 50 for inverting the contents 
of the register for W 28k by the inversion signal (Invert) 
on detection of the reverse rotatbn of the three-phase 
motor 1 or stepping the current supplying pattem for the 
register 28k for U as the next current supplying pattem 
by the step signal Step in case of failure of rotor rotatkxi. 

The three-phase logic unit 28 also includes a first 
AND gate 28a for timing control of sampling by the U 
sampling circuit 45 based upon the third mask signal 
(Mask3-U) from the decoding unit 29 and the signal De- 
lay T from the time delay unit 23, and a second AND 
gate 28b for timing control of sampling by the V sampling 
circuit 47 based upon the third mask signal (Mask3-V) 
from the decoding unit 29 and the signal Delay T. The 
three-phase togic unit 28 also includes a third AND gate 
28c for timing control of sampling in the W sampling cir- 
cuit 49 based upon the third mask signal (Mask3-W) 
from the decoding unit 29 and the signal Delay T, and 
an OR gate 28g for controlling the stepping of the reg- 
ister control circuits 46, 48 arui 50. 

The sampling circuit 45 includes an AND gate 45a, 
fed with the back-electronrK>tive voltage U, an output of 
the first AND gate 28a and an inverted output of the OR 
gate 28g from the inverter 45b, and an AND gate 45d 
fed with an inverted output of the first AND gate 28af rom 
the inverter 45c, an output of the register for U 28i and 
an inverted output of the OR gate 28g from the inverter 
45e. 

The register control circuit for U 46 Includes an AND 
gate 46a fed with an inverted output of the register for 
W 28k from the inverter 46c, an output of the OR gate 
28g and the above signal Step, and an AND gate 46b 
fed with the above signal Invert, the output of the OR 
gate 28g, and the inverted output of the register for U 
28i from the Inverter 46d. 

The sampling drcuit 47 includes an AND gate 47a, 
fed with the back-electromotive voltage V, an output of 
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the second AND gate 28b and an inverted output of the 
OR gate 28g from the inverter 47c. and an AND gate 
47b fed with an inverted output of the secoruJ AND gate 
28b from the Inverter 47d, an output of the register for 

V 28j and an inverted output of the OR gate 28g from s 
the inverter 47e. 

The register control circuit for V 48 ndudes an AND 
gate 48a fed with an inverted output of the register for 
U 28i from the inverter 48c. an output of the OR gate 
28g and the above signal Step, and an AND gate 48b io 
fed with the signal Invert, the output of the OR gate 28g 
and the inverted output of the register for V 28j from the 
inverter 48d. 

The sampling circuit 49 includes an AND gate 49a. 
fed with the back-electrorrK3tive voltage W. an output of is 
the third AND gate 28c and an inverted output of the OR 
gate 2Bg from the inverter 49c. and an AND gate 49b 
fed with the inverted output of the third AND gate 28 via 
the inverter 49d. an output of the register for W 281c and 
an inverted output of the OR gate 28g via the inverter 20 
49e. 

The register control circuit for W 50 includes an 
AND gate 50a fed with inverted output of the register for 

V 28j from the inverter 50c, an output of the OR gate 
28g and the above signal Step. arKi an AND gate 50b 2S 
fed with the signal Invert, output of the OR gate 28g and 
the inverted output of the register for W 28k from the 
inverter 50d. 

The three-phase logic unit 28 also includes a first 
OR gate 28d for taking the logical sum of outputs of the 50 
AND gates 45a, 45d of the U sampling circuit 45 and 
outputs of the AND gates 46a and 46b of the register 
control circuit for U 46 for supplying the resulting sigr^l 
to the register for U 28i, and a second OR gate 28e for 
taking the k)Q\ca\ sum of outputs of the AND gates 47a, 3S 
47b of the V sampling circuit 47 and outputs of the AND 
gates 48a. 48b of the register control circuit for V 48 for 
supplying the resulting signal to the register for V 28j. 
The three-phase kyg^c unit 28 also includes a third OR 
gate28ffortakingthelogicalsumof outputs of the AND 
gates 49a, 49b of the W sampling circuit 49 and outputs 
of the AND gates 50a, 50b of the register control circuit 
f or W 50 for supplyirig the resulting signal to the register 
for W 28k. 

The above-described three-phase togic unit 28 45 
samples, by the sampling circuits 45, 47 and 49. the 
back-electromotive voltages U, V arid W at a timing of 
coinckienceof the signal Delay T delayed by 30 degrees 
electrk:, as shown in Fig.8i, and the third masking sig< 
nals (Mask3-U, Mask3-V and h4ask3-W) shown in Fig. so 
80 to 3q, and transmits the resulting sampled signals to 
the registers 28i to 28k via OR gates 28d to 28f. This 
enables only the back-electromotive voltage ci the 
phase coil whkii has undergone changes. The back- 
electromotive voltages of the remaining phase coils are 55 
held by the registers 28i to 28k. Thus the registers 28i 
to 28k directly output the back-electromotive voltages 
Ures, Vres and Wres. that is the sampled outputs of the 



back-electromotive voltages U. V and W heki thereby 
as shown in Figs.8k and 8m. unless the signal Invert or 
the signal Step as later explained is supplied. 

If the capturing of the back-electromotive voltages 
U, V and W is carried out at the zero-crossing point with 
the common voltage COM, there arises such Inconven- 
ience that, if the value of the back-electromotive voltage 
is small as at the time of motor start-up or during tow 
speed rotatbn, an incorrect phase coil is fed with current 
such that the motor cannot be started or the rpm of the 
motor is decreased to halt the motor rotation. With the 
present motor driving apparatus, the back-electromo- 
tive voltages U. V and W are captured by the signal De- 
lay T at a timing delayed by 30 degrees electric from the 
zero-crossing point so that the back-electronrK>tive volt- 
ages U, V and W can be captured correctly. 

Next, if the inappropriate phase coil is fed with cur- 
rent or the nrKJtor rotation ceases, the signal Flug is not 
supplied to the starting unit 24 as described above, 32 
of the internal ckx:ks are counted by the counters 24a 
to 24e of the starting unit 24 so that the signal Step for 
stepping to the next current supplying pattern is issued. 

When fed with the signal Step, the three-phase logic 
unit 28 has the register control circuits 46, 48 and 50 set 
to the operating state so that an inverted signal from the 
register for W 28k is supplied from the register control 
circuit for U 46 via the inverter 46c to the register for U 
28i so that an Inverted output of the register tor U 281 is 
supplied from the register control circuit for V 48 via the 
inverter 48c to the register for V 28j, while an inverted 
output of the register 28j from the inverter 50c is supplied 
from the register control circuit for W 50 to the register 
for W 28k. 

Thus the output of each of the registers 281 to 28k 
may be stepped to an output of the next current supply- 
ing pattem. This stepping is continued until the three- 
phase motor 1 is started arKi the signal Step ceases to 
be supplied. This enables motor rotation to be started 
reliably on start-up for improving starting characteris- 
tics. 

If the rotatkxi in a rotattonal directkxi reversed from 
the usual rotattonal direction is detected by the edge de- 
tector 22, the signal Invert is issued. When fed with the 
signal Invert, the three-phase logic unit 28 has the reg- 
ister control circuits 46, 48 and 50 set to the operating 
state so that an inverted signal from the register for U 
^i is supplied via the inverter 46d to the register for U 
28i so that an Inverted output of the register for V 28j is 
supplied via the inverter 48d to the register 28j and an 
Inverted output of the register W 28k is sent via the in- 
verter 50d to the register W 28W. 

This enables outputs of the registers 281 to 28k to 
be inverted in their entirety into those for rotatkxi in the 
reverse directkx) and outputted In the Inverted state. 
Heretofore, a comparison output of the detected back- 
electrorTK>tive voltages and the common voltage COM 
is simply outputted on inverskxi so that correct current 
supply timing cannot be achieved reliably. With the 
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present motor driving apparatus, the respective t^ack- 
electromotive voltages are sampled at a timing delayed 
by 30 degrees electric from the zero-crossing point by 
the signal Delay T. so ttiat the respective back-electro- 
motive voltages can be sampled at correct timings and s 
held by the registers 28i to 28k during rotation in the 
reverse direction. Since the contents of the registers 28i 
to 28k may be inverted In polarity and outputted as in- 
verted signals during the rotatkxi in the reverse direction 
based upon the signal Invert, the back-electromotive io 
voltages Ures. Vres and Wres detected at correct tim- 
ings during rotation in the reverse direction may t>e out- 
putted so that the three-phase motor 1 can t>e controlled 
at the correct current supply timing during the reverse 
rotation. is 

The back-electromotive voltages Ures. Vres and 
Wres, formed by the three-phase k>gic unit 28, are sup- 
plied to the decoding unit 29 where they are separated 
into the first to sixth control signals Uu to Wl for on-off 
control of the upper and \omer layer transistors of tiie 20 
respective phases. The resulting control signals are 
routed to the output controller 30. 

Referring to Fig. 11, the timing controller 27 forms 
various timing signals based upon the reversing signal 
Reverse from the full-wave rectifying circuit 3, motor on- 2S 
off control signals (M ON/OFF) formed by the central 
processing unit (CPU) for on-off nriotor control, system 
clocks from ttie PLL circuit 25 (signal PLL Out), main 
clocks c^, for example, 500 kHz, from an oscillator 26 
(Main Clock) and the PWM signal from the PWM circuit 3o 
7 (PWM in). 

The PLL circuit 25 is configured as shown for ex- 
ample in Fig. 18, and compares by a phase comparator 
55 the phase of the signal SD Exor supplied from the 
edge detector 22 and the phase of the system clock (sig- 35 
nal PLL Out) outputted from the voltage controlled os- 
cillator (VCO) 57 and divkied in frequency by a divide- 
by-N counter 58 into a frequency which is one-eighth or 
one-sixteenth of the system ckx:k frequency. The phase 
compareon output is fed via a low-pass filter 56 to the 40 
VCO 57 for driving the VCO into oscillation. This gener- 
ates the signal PLL Out synchronized with the signal SD 
Exor whk:h is supplied to the tirhing controller 27. 

Referring to ng.19 the timing controller includes a 
first counter 61 a for counting two main clocks erf the os- 45 
cillator 26. and a secor)d counter 61b for counting two 
count outputs Q1 from the first counter 61a The timing 
controller also includes an AND gate 62a for taking a 
k>gjcal product of a count output Q1 of the first counter 
61a an6 a count output Q2 of the secorKl counter 61 b, so 
and a third counter 61c for counting two outputs of the 
AND gate 62a The timing controller also includes an 
AND gate 62b for takvtg a bgkstl product of the count 
outputs Q1 , Q2 arxl a count output Q3 of the third coun- 
ter 61 c and a fourth counter 61 d for counting two outputs 56 
of the AND gate 62b for outputting a count output Q4. 
The counters 61a to 61 d make up a base-16 counter 
such that the ultimate counter output 04 has a frequen- 



cy which is one-sixteenth of the main ckx:k frequency. 

The timing controller 27 has an AND gate 64a for 
taking a logical product of the count output Q1 , the count 
output Q2 inverted by an inverter 63b, and the count out- 
puts Q3 and Q4, an AND gate 64a for taking a logical 
output of the count output Q1 inverted by the inverter 
63b and the count outputs Q2 to 04 and an AND gate 
64c for taking a logical product of the count outputs Q1 
toQ4. 

The toming controller 27 includes an AND gate 65a 
for taking a k>gicat product of the PWM signal (PWM in) 
from the PWM circuit 7 and an output of the AND gate 
64b an6 an AND gate 65b for taking a logical product of 
the output of the AND gate 64b inverted by the inverter 
65c and the output of a D-flipflop 66. The timing control- 
ler 27 also includes an OR gate 65d for taking a logical 
sum of the AND gates 65a and 65b and the D-flipflop 
66 for synchronizing outputs of the OR gate 65d to the 
main clocks. The timing controller 27 also includes an 
OR gate 68 for taking a k>gcal sum of an output of the 
D-flipflop 66 and the signal Rev for cunent supply in the 
reverse direction, formed in the D-flipflop 74 based upon 
the reversing signal Reverse from the full-wave rectify- 
ing circuit 3 for forming and outputting a braking switch- 
ing signal (PWM inversion Short/Rev) for switching be- 
tween short braking arxJ reverse current supplying brak- 
ing as later explained. 

The timing controller 27 includes an AND gate 69a 
for taking a bgical product of the motor on-off control 
signal (M ON/OFF) and the output of the AND gate 64c, 
and an AND gate 69b for talking a k>gk:al product of the 
output of the AND gate 64c inverted by the inverter 69c 
and the output of a D-flipflop 70. The timing controller 
27 also includes an OR gate 69d for taking a togical sum 
of outputs of the AND gates 69a. 69b, and the D-flipflop 
70 for synchronizing outputs of the OR gate 69d to the 
main ckx:ks. The timing controller 27 also 'irK:ludes an 
AND gate 71 for taking the logk^l product <rf an output 
of the D-flipflop 70 and an inverted output of an inverter 
72f for forming and outputting an output open signal for 
preventing through-current as later explained. 

The timing controller 27 also has an AND gate 72a 
for taking a bgical product of the reversing signal Rev 
from the D-flipflop 74, inverted by the inverter 72c. and 
an output of the D-flipflop 75, and an AND gate 72b for 
taking the k>gk:al product of the reversing signal Rev 
from the D-flipflop 74 and an output of the D-flipflop 75 
inverted by the inverter 72d. The timing controller 27 al- 
so has an OR gate 72e for taking a k)gical sum of outputs 
of the AND gates 72a and 72b and an inverter 72f for 
inverting an output of ttie OR gate 72e for supplying the 
inverted output to the AND gate 71 . 

The timing controller 27 also has an AND gate 73a 
for taking a logkial product of the reversing signal sup- 
plied from the full- wave rectifying circuit 3 and an output 
of the AND gate 64a, and an AND gate 73b for taking a 
togical product of the output of the AND gate 64a invert- 
ed by the inverter 73c and the reversing signal Rev. The 
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timing controller 27 also has an OR gate 73d for taking 
the logical product of outputs of the AND gates 73a and 
73b and a D-flipftop 74 for synchrcntztng outputs of the 
OR gate 73d to the main clocks for generating the re- 
versing sigr^ Rev, and a D-fflpfkip 75 for synchronizing s 
the signal Rev from the D-flipfksp 74 to the main ckx:ks. 

The timing controller 27 also has a Mipftop 76 for 
synchronizing outputs of the AND gate 64b to the main 
clocks for forming a signal Saw Wave L and an inverter 
77 for inverting the signal Saw Wave Lfromthe D-fl^yRop io 
76 for forming and outputting a signal Saw Wave H. 
These signals Saw Wave L and Saw W^e H are sup- 
plied to the PWM circuit 7. 

The timing controller 27 also has an AND gate 78a 
for taking a logical product of the signal PLL Out from is 
the PLL circuit 25 and an output of the AND gate 64c, 
and an AND gate 78b for taking a k)gical product of the 
output of the AND gate 64c inverted by the inverter 78c 
and an output of a D-flipftop 79. The timing controller 27 
also has an OR gate 78d for taking the logical sum of 20 
outputs of the AND gates 78a, 78b and the D-flipflop 79 
for synchronizing outputs of the OR gate 78d to the main 
clock. 

In addition, the timing controller 27 has a D-flipflop 
80 for synchronizffig outputs of the D-flipflop 79 with re- ^ 
spect to main c tocks, and an AN D gate 8 1 a for taking a 
togical product of an output of the D-flipflop 79 and an 
output of the D-flipflop 80 inverted by the inverter 81b 
for forming and outputting a signal PWM On for detect- 
ing the back-electrorrK)tive force. The timing controller 30 
27 also has an inverter 81 c for Inverting the signal PWM 
On from the AND gate 81a for forming and outputting 
an internal clock. 

With the atx>ve-described arrangement of the tim- 
ing controller 27, when main clocks shown in Fig.20a 3S 
are supplied to the first counter 61a. the counter 61a 
counts two of the main ctocks to fonm the count output 
Q1 whose frequency is one-half the frequency of the 
main ck)cks, as shown in Rg.8b. The count Q1 is fed to 
the second counter 61b, which then counts two of the 40 
outputs Q1 to form the count output Q2 whose f requer>- 
cy is one fourth the frequency of the main cfcjcks, as 
shown in Fig.8c. The count output Q2 is fed via the AND 
gate 62a to the third counter 61 c, whk^ then counts two 
<rf the count outputs Q2 to form the count output Q3 ^ 
whose frequency is one eighth the frequency of the main 
ckxdcs, as shown in Fig.8d. The count output Q3 is sup- 
plied via the AND gate 62b to the fourth counter 61d. 
whk:h then counts two of the count outputs Q3 to form 
the count output Q4 whose frequency is one sixteenth so 
the frequency of the matn clocks, as shown in Fig.8e. 
These count outputs Q1 to Q4 are fed to the AND gate 
64c. The count output Q1 is diverted by the inverter 63a 
and thence supplied to the AND gate 64b. The remain- 
in g count outputs Q2, Q3 and Q4 are directly fed to the ss 
AND gate 64b. 

By f requency-dlvkJing the main ckx:ks using the first 
to fourth counters 61a to 61d, the count outputs Q1 to 



Q4 having different frequencies synchronized with the 
maffi docks may be produced, thus readily producing 
the desired timings synchronized with the nriain ctocks. 

The AND gate 64b takes a logcal product of the 
count output Q1. inverted by the inverter 63a, and the 
count outputs Q2. 03 and 04, and sends the resulting 
signal to the D-flipflop 76. The D-flipflop 76 synch ronizes 
outputs of the AND gate 64b with respect to the main 
ctocks for outputting the signal Saw Wave L at a timing 
when the output of the AND gate 64b goes tow. The sig- 
nal Saw Wave L is then routed to the inverter 77. The 
inverter 77 inverts the signal Saw Wave L to output the 
signal Saw Wave H at a timing when the output of the 
AND gate 64b goes high. The signals Saw Wave L and 
Saw Wave H are supplied as a signal Saw Wave Timing 
havingadecay wtothof one main ctock from the decay 
edge of the count output Q4, as shown in Fig-20f , to the 
PWM circuit 7 shown in Fig.1. 

The PWM circuit 7 has a saw wave generating por- 
tton therein and generates, on being supplied with the 
signal Saw Wave Timing, saw waves which become ser- 
rated between pulse widths of the signal Saw Wave Tim- 
ing, as shown In Fig.20g. The frequency of the saw 
waves has a penod equal to one sixteenth of the main 
ctock pertod. The PWM circuit 7 compares the saw 
waves and the comparison output Verr from the compa- 
rator 4, as shown in Fig.20g, and sends the results of 
comparison as a signal PWM In shown in Fig.20k to the 
output controller 30 shown in Fig. 1 1 and to the AN D gate 
65a shown in Fig. 19. The operatton of comparison by 
the PWM circuit 7 indicates that the comparison output 
Verr is being modulated by PWM by the signal Saw 
Wave Timing. 

The AND gate 64c takes the logical product of the 
count outputs Q1 to Q4 to form and output a synchro- 
nous timing signal SynchrorKHis Timing which goes high 
each time 16 main ctocks are counted, that is each time 
the count value becomes equal to 1, as shown in Fig. 
20h. 

The inverter 78c. AND gates 78a, 78b. OR gate 
78d, D-flipflops 79. 80. inverter 81b and the AND gate 
81a synchronize the signal PLL out supplied from the 
PLL circuit 25 by the synchronous timing signal, as 
shown in Fig.20i- Thus the signal PWM On, which goes 
high for one internal clock pertod at a timing when the 
pulse wkith of the PWM In signal becomes minimum, 
that is at a timing when the main ctock count value be- 
comes equal to 1 as shown in Figs.20g and 20k, is out- 
putted via the AND gate 81a. as shown in Fig.201. This 
signal PWM On, specifying the PWM on period, is sup- 
plied to the output controller 30 as later explained, and 
is used for sample-hokiing the back-electromotive volt- 
age. 

The signal PWM On signal is also supplied to the 
inverter 81c which inverts the signal PWM On for form- 
ing internal clocks as shown in Fig.20j. The intemal 
ctocks, thus generated, are sent to the mask circuit 21 , 
edge detector 22, time delay unit 23, starting unit 24 and 
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to the three-phase logic unit 28. 

The pulse width of the signal PWM On and that of 
the internal clock are set to such pulse widths (speeds) 
which may be followed by the back-electromotive volt- 
age comparator 2 (Fig.7). 

When the rpm of the three-phase motor 1 becomes 
fasterthan a pre-set value such that rotational servo sig- 
nals supplied from, for example, the servo control sys- 
tem, become minus inputs for towering the rpm, the re- 
versing signal Reverse shown in Fig.21 i is outputted by 
the full-wave rectifying circuit 3. This reversing signal, 
configured for applying rotational braking to the three- 
phase motor 1 by supplying the current in the opposite 
directton, is supplied to the AND gate 73a fed with the 
output of the AND gate 64a. 

The AND gates 73a and 73b, inverter 73c. OR gate 
73d and the D-flipfkap 74 form the signal Rev, whfch 
a signal synchronized with the timing of counting 16 
main ctocks shown in Fig.21 a. from the reversing signal, 
and sends the signal Rev to the output controller 30. 
This signal Rev is synchronized with the maximum am- 
plitude point of the saw wave shown in Fig.21 g. 

The signal Rev from the D-flipflop 74 is fed to the 
D-flipflop 75, inverters 67 and 72c and to the AND gate 
72b. The D-ftipflop 75 synchronizes the signal Rev with 
respect to the main ctocks and transmits the synchro- 
nized signal Rev to the AND gate 72b via the inverter 
72d and to the AND gate 72a. 

The timings of the count outputs Q1 to Q4, the sig- 
nal Saw WSave Timing and the signal PWM In are shown 
in Figs.21b to 21 f and 21 h. respectively. . 

The signal Rev is a signal used for supplying the 
current in the reverse directton to the three-phase motor 
1 for on/off controlling the upper and tower layer transis- 
tors configured for supplying the source voltage to the 
phase coils 1 U. 1 V and 1 W. If the upper and tower layer 
transistors are on/off controlled by the signal Rev. the 
two transistors may be tumed on simultaneously and re- 
main in this state for a certain time period due to differ- 
ence in the switching speeds of the transistors. At such 
time, the through-current ftows through both transistors. 
The current value of the two transistors is detected as 
the current values supplied to the respective phase coils 
1U. IVand 1W so as to be used for forming the corrv 
parison output Verr in the comparator 4. Thus, such 
througlvcun^ent obstructs correct rotattonal control of 
the three-phase motor 1. In such case, the timing con- 
troller 27 generates an output open signal Output Open 
for simultaneously turning both transistors off for prohS>- 
iting generation of the through-current. 

That is, the AND gates 69a, 69b. inverter 69c. OR 
gate 69d, D-flipftop 70. AND gates 71 . 72a, 72b, invert- 
ers 72c, 72d, OR gate 72e and the inverter 72f synchro- 
nously differentiates the signal Rev with the main ctocks, 
based upon the motor on/off control signal (M ON/OFF) 
for motor on/off control supplied from the CPU and the 
signal Rev, for generating a signal Output Open whtoh 
goes high for two main docks at the rise and decay tim- 



ings of the signal Rev, as shown in Fig.21 k. The signal 
Output open is supplied to the output controller 30. 

Wrth the rTKrtor driving apparatus of the instant em- 
bodiment, bi-polar transistors are used for the upper and 
s tower layer transistors. Thus the pulse width of the signal 
Output Open is set to, for example, 2 ^sec to 4 psec. 
corresponding to two main clock pulses, in keeping with 
the bi-polar transistor characteristtos. 

The timing controller 27 samples the signal PWM 

10 In. shown in Fig.22h, supplied from the PWM circuit 7, 
at a timing of counting 16 main clocks shown in Fig.22a, 
by the AND gates 65a and 65b. inverter 65c. OR gate 
65d, D-flipflop 66, inverter 67 for inverting the signal 
Rev, and the OR gate 68. for forming a signal PWM in- 

is verted Short/Rev for braking control of the three-phase 
motor 1 as shown Fig.22i. and outputs the signal to the 
output controller 30. If the signal PWM inverted Short/ 
Rev is at the tow level, short braking for generating coun- 
ter-torque by utilizing the motor rotating current is ap- 

20 plied, whereas, if the signal PWM inverted Short/Rev is 
at the high level, the reverse current supplying braking 
is applied for positively flowing the current from outside 
the motor for generating the counter-torque. 

Referring to Fig.23. the output controller 30 includes 

2!5 a Uu signal forming unit 85, a Ul signal forming unit 86. 
a VU sigrial forming unit 87, a VI signal fomning unit 88, 
a Wu signal forming unit 89 and a Wl signal forming unit 
90, supplied with the first to sixth control signals Uu to 
Wl from the decoding unit 29, decoding the sigr«ls and 

30 outputting the decoded signals, an inverter 30a for in- 
verting the signal Rev from the timing controller 27 for 
outputting the inverted signal, an OR gate 30b for taking 
the togical sum of the signals PWM In and PWM On. an 
inverter 30c for inverting the signal Output Open and 

35 outputting the inverted signal, an OR gate 30d for taking 
the togical sum of the signal PWM On and the signal 
PWM inverted Short/Rev and AND gates 91a. 91 b, 92a, 
92b, 93a and 93b provided in the output stages of the 
first to sixth control signals Uu to Wl, respec^ely 

40 The Uu signal forming unit 85 includes an AND gate 
85a for taking the togk:al product of the first control sig- 
nal Uu supplied from the decoding unit 29 and the signal 
Rev supplied via the inverter 30a, an AND gate 85b for 
taking the togical product of the signal Rev and the sec- 

^ ond control signal Ul supplied from the decoding unit 29 
and an OR gate 85c for taking the togical sum of the 
outputs of the AND gates 85a, 85b. 

The Ul signal forming unit 86 includes an AND gate 
66a for taking the togical product of the signal Rev and 

50 the first control signal Uu supplied from the decoding 
unit 29, an AND gate 86b for taking the logtoal product 
of the second control signal Ul supplied from the decod- 
ing unit 29 and the signal Rev supplied from the inverter 
30a and an OR gate 86c tor taking the togical sum of 

56 outputs of the AND gates 86a and 86b. 

The Vu signal forming unit 87 includes an AND gate 
87a for taking the togical product of the third control sig- 
nal Vu supplied from the decoding unit 29 and the signal 
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Rev supplied via the inverter 30a, an AND gate 87b for 
taking the logical product of the signal Rev and the f ou rth 
control signal VI supplied from the deciding unit 29 and 
an OR gate 87c for taking the k)gical sum of the outputs 
of the AND gates 87a and 87b. s 

The V) signal forming unit 88 includes an AND gate 
88a for taking the k)gical product of the signal Rev and 
the third control signal \/u supplied from the decoding 
unit 29, an AND gate 88b for taking the k5gical product 
of the fourth control signal VI supplied from the decoding io 
unit 29 and the signal Rev supplied from the inverter 30a 
and an OR gate 88c for taking the k>gk:al sum of outputs 
of the AND gates 88a and 88b. 

The Wu signal forming unit 89 includes an AND gate 
89a for taking the bgical product of the fifth control sig- is 
nal Wu supplied from the decoding unit 29 and the signal 
Rev supplied via the inverter 30a. an AND gate 89b for 
" taking the logical product of the signal Rev arKi the sixth 
control signal Wl supplied from the decoding unit 29 and 
an OR gate 89c for taking the bgical sum of the outputs 20 
of the AND gates 89a and 89b. 

The Wl signal forming unit 90 includes an AND gate 
90a for taking the logical product of the signal Rev and 
the fifth control signal Wu supplied from the decoding 
unit 29, an AND gate 90b for taking the logk:al product 2S 
of the sixth control signal Wl supplied from the decoding 
unit 29 and the signal Rev supplied from the inverter 30a 
and an OR gate 90c for taking the logical sum of outputs 
of the AND gates 90a and 90b. 

The AND gate 91 a takes the bgical product of out- 30 
puts of the OR gate 85c of the Uu signal fonning unit 85 
and the OR gates 30b, 30d for outputting the first control 
signal Uu. while the AND gate 91 b takes the bgical sum 
of outputs of the OR gate 86c of the Ul signal forming 
unit 86 and the OR gates 30b, 30d for outputting the 3S 
second control signal Ul. 

The AND gate 92a takes the bgical product of out- 
puts of the OR gate 87c of the Vb signal forming unit 87 
and the OR gates 30b, 30d for outputting the third con- 
trol signal VU. while the AND gate 92b takes ttte bgical 40 
sum of outputs of the OR gate 88c of the VI signal f orm- 
ing unit 88 and the OR gates 30b, 30d for outputting the 
fourth control signal VI. 

The AND gate 93a takes the bgical product of out- 
puts of the OR gate 89c of the Wu signal forming unit ^ 
89 and the OR gates 30b, 30d for outputting the fifth 
control signal Wu, while the AND gate 93b takes the bg- 
bal sum of outputs of the OR gate 90c of the Wl signal 
forming unit 90 and the OR gates 30b, 30d for outputting 
the sixth control signal Wl, so 

The above-descrit>ed output controller 30 modu- 
lates, in the AND gates 91 a. 91 b, 92a, 92b. 93a and 93c, 
the first to sixth control signals Uu to Wl by PWM based 
upon the signal PWM In supplied from the PWM circuit 
7, and outputs the modulated signals. The output cor>- ss 
troller 30 also nrxxlulates the signal PWM On for detect- 
ing the back-electromotive voltages in the phase coils 
1 U, 1 V and 1 W, signal Output Open for prohibiting the 



throu^-current, signal PWM inverted Short/Rev for 
switching between the short braking and the reverse di- 
rectbn current supplying braking for prohibiting the 
through-current and the signal Rev for applying the cur- 
rent in the reverse directbn, arKf outputs the modulated 
signals. 

These first to sixth control signals Uu to Wl. as well 
as the signals PWM On, Output open, PWM inverted 
Short/Rev and Rev, are sent to the driving circuit 10 
shown in Fig.7. 

The driving unit 10 includes buffer amplifiers 94a to 
94f for amplifying the first to sixth control signals Uu to 
Wl from the output controller 30. as well as the signals 
PWM On, Output open. PWM inverted Short/Rev and 
Rev, with a pre-set ^in. and resistors 95a to 95f pro- 
vkted downstream of the output stages of the buffer am- 
plifiers 94a to 94f , as shown in Fig.24. 

The driving unit 10 irK:ludes an upper-layer transis- 
tor 96a for first control signal Uu, whose t>ase is con- 
nected to the resistor 95a, and a lower-layer transistor 
96b for second control signal Ul, whose base is connect- 
ed to the resistor 95b. The driving unit 10 also includes 
an upper-layer transistor 97a for third control signal VU, 
whose base is connected to the resistor 95c, and a bw- 
er-layer transistor 97b for the fourth control signal VI, 
whose base is connected to the resistor 95d. The driving 
unit 10 also includes an upper-layer transistor 98a for 
fifth control signal WU, whose base is connected to the 
resistor 95e, and a lower-layer transistor 98b for sixth 
control signal Wl, whose t>ase is connected to the resis- 
tor 95f. 

The collectors of the upper layer transistors 96a, 
97a and 98a are connected to the source voltage VCC. 
while the bwer layer transistors 96b, 97b and 98b are 
connected to the current detection resistor 1 1 for detect- 
ing the current supplied to the respective phase coils 
1U. IVand IWofthethree-phasemotorl.Tbe emitters 
of the upper layer transistors 96a, 97a and 9da are con- 
nected to the collectors of the bwer layer transistors 
96b, 97b and 98b. The driving voltage supplied to the 
phase coils 1 U. 1 V and 1 W of the three-phase motor 1 
is taken out at junctbn points of the emitters of the upper 
layer trartsistors 96a. 97a and 98a to the collectors of 
the lower layer transistors 96b, 97b and 98b. 

If fed with the first to sixth control signals, the driving 
unit 10 is resportsive thereto for on/off control of the up- 
per layer transistors 96a, 97a and 98a and the lower lay- 
er transistors 96b, 97b and 98b. The source voltage Vcc 
is taken out at the above-mentbned junctbn points re- 
sponsive to the on/off control erf the upper layer transis- 
tors 96a. 97a and 98a and the lower layer transistors 
96b, 97b and 98b so as to be supplied as driving volt- 
ages U, V and W to the respective phase colls 1U. IV 
and 1 W of the three-phase motor 1 shown in Fig.7. 

The driving currents supplied to the phase coils 1 U. 
1 V and 1 W are detected by the current detection resistor 
1 1 ffi the form of voltages. The driving voltages, detected 
tyy the current detectbn resistor 11. are integrated by 
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the integration circuit consisting of the resistor 5 and the 
capacitor 6 and therm supplied to the comparator 4. 
The comparator 4 compares the Integrated driving volt- 
ages to the reference value Virec for routing the compar- 
ison output Verr to the PWM circuit 7. The PWM circuit s 
7 compares the saw wave formed based upon the signal 
Saw Wiive Timng to the comparison output Verr to route 
the result of comparson as the PWM In signal (PWM 
carrier) to the logic unit 9. The enables the first to sixth 
control signals to be formed in the logic unit 9 responsive io 
to the PWM In signal for direct PWM driving of the three- 
phase nrator 1 . that is for directly rotationally driving the 
three-phase motor 1 by the PWM In signal. In addition, 
since the rotational position of the rotor may be detected 
based upon the back-electromotive voltage generated 
in the phase coils 1 U. 1 V and 1 W. for performing switch- 
ing control of the current supplying state to the phase 
coils 1 U, V and 1 W, rotation control of the three-phase 
motor 1 may be realized without providing rotational po- 
sition detection means, such as Halt elements (sensor- 20 
less driving). 

The entire operation of the motor driving apparatus 
of the Instant embodiment is explained in detail. During 
nonmal rotation, the back-electromotive voltages Uln, 
Vin and Win, shown In Fig.Sa, are compared in the com- 2S 
parator 2 to the common voltage COM, for forming corr>- 
parison outputs U. V and W shown in Figs.Sb to 8d. The 
comparison outputs U, V and W are supplied to the bgic 
unit 9. The logic unit lakes the exclusive OR of the conf>- 
parison outputs U, V and W to form an Exor signal as 30 
shown in Fig.8e. Since the kickback noise is superim* 
posed on the Exor signal at the timing of current supply 
timing, the k>gk: unit 9 masks the kkrkback noise by the 
first mask signal of a pre-set pulse width, formed at the 
kickback noise generating timing (cu rrent supply switch- 3S 
ing timing), shown in Fig.8j. in order to form a signal 
Masked Bcor shown in Fig.8f . 

The k)gic unit 9 then synchronously differentiates 
the signal Masked Exor using the internal ckx:ks shown 
In Flg.8h in order to form the signal SD Exor shown in 40 
Fig.8g. Using the SD Exor signal as a trigger, the bgic 
unit 9 forms a signal Delay T, delayed 30 degrees elec- 
tric, as shown in Fig.8i, and samples one of the compar- 
ison outputs U, V and Wf rom the comparator 2 forfonrrv 
Ing signals Ures, Vres and Wires. These signals Ures, 45 
Vres and Wres are heki by the registers 28i, 28j and 28k. 
At this time, only the phase for whk:h the back-electro- 
motive voltage is to be captured is sannple-heldbyathird 
mask signal, formed by decoding the signals Ures, Vires 
and Wres, as shown in Figs.80 to Fig.Sq. Thus the sig- so 
nals Ures, Vres and Wres, shown in Figs.8k to 8m, are 
outputted from the registers 28i, 28j and 28k. 

The decoding unit 29 then forms the driving voltag- 
es Uu, Ul, VU, VI, Wu and Wl. shown in Figs.8r to 8w, 
from the signals Ures. V^es arwJ Wres, for on/off control S5 
of the upper and k>wer layer transistors of the respective 
phase coils, and routes the driving voltages to the output 
controller 30. The output controller 30 overlays the sig- 



nal Rev, signal Output Open, signal PWM On and the 
signal PWM Inverted Short/Rev on the driving voltages 
Uu, Ul, VIj, VI, Wu and Wl. in order to supply the overiaid 
signals to the driving unit 10. The driving unit 10 mns 
the three-phase motor 1 In rotatwn by the driving volt- 
ages U, V and W, formed by the upper and lower layer 
transistors of the respective phases being on/off con- 
trolled by the driving voltages Uu. Ul. VU. VI, Wu and Wl. 

The PWM operatbn during such normal rotatkvi is 
explained. From the phase coils 1U, 1 V and 1 W of the 
three-phase motor 1, the back-electromotive voltages 
Uin. Vin arKi Win, shown In Fig.25a, are generated. Of 
these, the back-electromotive voltage Wtn is shown en- 
larged in Fig.25b. On direct PWM driving, the back-elec- 
tromotive voltage Win is interrupted by the signal Saw 
Wave Timing, serrated wave Saw Wave and by the sig- 
nal PWM In (PWM Can-ler) formed by the comparison 
output Verr from the comparator 4. shown in Flgs.25d. 
25e and 25f . respectively, while the comparison outputs 
W (and U, V) from the comparator 2, supplied with the 
back-electromotive voltages Uln, Vin and Win, are also 
intermpted as shown in Fig.25g. 

If the signal PWM In is on, as shown in Fig.25c, the 
back-electrornotlve voltages Uln, Vin and Win are man- 
ifested, whereas, If the signal PWM In Is off, the W- 
phase terminal voltage (as well as the U- and V-phase 
terminal voltages) falls to the minus level, while the com- 
mon voltage COM falls to the ground level. Thus, if the 
PWM In signal Is off, the back-electromotive voltage be- 
comes non-detectable. Stated differently, it the signal 
PWM In is on, the back-electromotive force is detecta- 
ble. 

Thus the timing controller 27 forms Internal clocks, 
shown in Fig.25h, produced on synchronous differenti- 
atkm at the minimum pulse wkith posltnn of the signal 
PWM In as described above. This internal ckx:k is syn- 
chronized with the on-domain of the signal PWM In. Us- 
ing the intemal clocks, the comparison outputs U, V and 
W shown In Fig.25g are sampled. The sampled outputs 
are sample-held by the register for W 28k (as well as 
register for U 28i and register for W 28j) shown in Fig. 
11 and issued as outputs. 

In this manner, even if the comparison output W (as 
well as U and V) are intermpted by the signal PWM In, 
the rKXvinterrupted comparison output W (output Wres 
of the register for W 28k) as shown in Fig.25i can be 
formed. This enables detectbn of the back-electromo- 
tive voltages Uln, Vin and Win even although PWM driv- 
ing is being carried out, such that direct PWM driving 
becomes feasible even with the sensor-less motor driv- 
ing apparatus such as the motor driving apparatus. This 
altows to omit the voltage converskm circuit for convert- 
ing the signal PWM In into a voltage signal. In addition, 
self-oscillation during start-up possibly inhbiting rota- 
tion may be eliminated for improving starting character- 
istcs. 

Since the back-electromotive voltages Uin. Vin and 
Win are sampled based upon the signal Delay X the 
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back-electromotive voltages Uin, Vm and Win can be 
sampled at positions delayed a pre-set time from the ze- 
ro-crossing points of the back-electromotive vottages 
Uin, Vin and Win arKj the common voltage COM. This 
aJk>ws for more positive capturing of the back-electro- 
motive voltage than if the back-electromotive voltage is 
captured at the zero-crossing point, thus enabling 
smooth starting of the rotation. 

If the back-electromotive voltage cannot be detect- 
ed by the above sampling, that is if the three-phase mo- 
tor 1 cannot be rotated, the current supplying pattern is 
stepped by one stage by the signal Step for positively 
starting the three-phase mc^or 1. 

In addition, since the kickback rK>ise is masked by 
the first masking signal for forming the Exor signal, the 
zero-crossing point of the respective back-electromo- 
tive voltages and the common voltage COM can be de- 
tected positively and the t>ack-electromotive voltage can 
be captured positively for prohibiting malfunction other- 
wise caused by the kk^kback noise. Since the kickback 
noise is eliminated by the above masking, the fitter cir- 
cuit for eliminating the kk;kback noise may be omitted. 
Since the voltage conversion circuit and the filter circuit 
may be eliminated, the motor driving apparatus may be 
produced at reduced costs through reducing the number 
of components and simplifying the structure. 

In addition, since the current supplying pattern 
which will be manifested next is predicted based upon 
the current supplying pattern and, if the actually detect- 
ed current supplying pattern is not the predicted current 
supplying pattem. the contents of the registers 28t to 
28k are inverted by the signal Invert and the inverted 
contents are outputted. correct current supply may be 
achieved responsive to the current rotatk>nal directk>n. 
Thus there is no risk of the motor being driven in the 
reverse directk>n with respect to the prevailing rotating 
directkxi. 

Fig.26 shows signal timings on switching from usual 
rotatk)nal control to the counter directk)n current supply- 
ing braking. 

If the reversing signal is outputted by the full-wave 
rectifying circuit 3, the signal Rev shown in Fig.26b is 
formed, based upon the reversing signal as described 
above. The control is switched to the counter (firection 
current supplying braking, such that the three-phase 
motor 1 is fed with current in the reverse directkxi and 
thereby braked. The operatnn of varbus portkins during 
this reverse directk)n current supplying braking is net 
changed from tfiat during the abcvoKiescribed usual ro- 
tatkxi, as shown in Figs.26c to 26x and 27a to 27w. The 
PWM operation during this reverse directk)n current 
supplying braking is not changed from that during the 
above-described usual rotation, as shown in Rgs.28a 
to28i. 

Thus, t>y sampling only the back-electromotive volt- 
age of the phase undergoing changes in the back-elec- 
tromotive voltage, at the tvning when the back-electro- 
motive voltage is changed, and sample-holding the 



back-electromotive voltage by the registers 2Bi to 28k, 
counter direction current supplying braking can be ap- 
plied at the rK>rmal current supplying timing. 

The switching t>etween the short braking and the 
s counter direction current supplying braking is caused to 
occur by sampling the signal PWM In shown in Fig.22h 
at the timing of 16 counts of the main ckx:ks shown in 
Fig.22a. that is at a timing when the pulse width of the 
pulse wkfth modulation becomes maximum. If the signal 
10 PWM inverted Short/Rev, a sampled output, shown in 
Fig.22i. is at a low level and at a high level, the short 
braking and the counter directkxi current supplying 
braking are applied, respectively. 

The foltowing descripton is made with reference to 

IS the upper layer transistor g6a for Uu, lower layer tran- 
sistor geb for Ul, upper layer transistor 97a for VU and 
the tower layer transistor 97b for VI. During short brak- 
ing, the current flowing out from the V-phase coil IV 
flows through the tower-layer transistor for VI 97b. cur- 

20 rent detection resistor 1 1 and the diode Du before being 
returned to the U-phase coil 1 U. as indicated by a solid 
line in Fig.29. This results in short braking. 

During the counter directkxi current supplying brak- 
ing, the current from the source voltage Vcc via the up- 

25 per layer transistor for Uu 96a flows through the U- 
phase coil 1 U, V-phase coil 1 V, lower-iayer transistor for 
VI 97b and the cunent detectton resistor 11 , before be- 
ing returned to the source voltage Vcc, as shown by a 
broken line in Fig.29. In both cases, the above-men- 

30 tioned current braking is feasible since the current 
traverses the current detectton resistor 11 . 

The short braking is a passive braking system com- 
prising generating the counter-torque by utilizing the 
current for motor rotatton control, while the counter di- 

35 rectton current supplying braking is an active braking 
system comprising positively supplying the current from 
outskle the motor for generating the counter-torque. 
With the motor driving apparatus erf the instant embod- 
iment, these two braking systems of different character- 

^ isttos may be smoothly switched with the ato of the signal 
PWM inverted Short/Rev in such a manner that the short 
braking is first used for gradually applying the braking 
for towering the rpm and by applying powerful braking 
by counter directton current supplying braking when the 

45 pulse width becomes maximum by PWM, thereby tow- 
ering the rpm. This improves linearity of operatton and 
response characteristtos such as by fast servo tock of 
rotattonal sen^ for improving. 

In the driving unit 10, shown in Fig.24, the transis- 

50 tors of the respective layers 96a, 96b, 97a, 97b, 98a and 
98b. on/off controlled by the first to sixth control signals 
Uu to Wl, are turned off gradually. Although these tran- 
sistors are desirably turned on only gradually, the bi-po- 
lar transistors are tumed off acutely. Thus the upper and 

55 tower layer transistors may be tumed on simu (taneously 
and remain in the tumed-on state, such that the current 
from the source voltage Vcc ftows at a time through 
these upper and tower layer transistors into the current 
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detection resistor 11. This through-current obstructs 
positive current driving in the motor driving apparatus. 

For prohibiting the through-current, the timing con- 
troller 27 forms the signal Rev, shown in Fig.21j. syn- 
chronized with the timing of 1 6 counts of the main clocks s 
shown in Fig.21a, based upon the reversing signal, for 
applying the counter direction current supplying braking 
shown in Flg.21 i. The signal Rev is synchrcnously dif- 
ferentiated at the maximum pulse width position for 
PWM for forming the s^naJ Output Open as shown in io 
Fig.21 k This signal Output Open is overlaid on the first 
to sixth control signals as described above so as to be 
supplied to the transistors of the respective layers 96a, 
96b. 97a, 97b, 98a and 98b. 

In this nnanner, the upper and lower layer transistors is 
are compulsively turned off during short braking and re- 
verse directton current supplying braking during the time 
when the signal Output Open is at a high level thus pro- 
hibiting the through-current for assuring positive current 
driving. 20 

Although the motor driving apparatus of the akxsve- 
descrit>ed embodiment is configured for driving control 
of the three-phase motor 1 , it may also be applied to a 
rotational driving apparatus for other multi-phase mo- 
tors, such as a two-phase motor or a four-phase motor 2S 
Also, in the above-<tescrik>ed embodiment, the main 
clocks are 500 kHz in frequency and 16 of these ckxrks 
are counted for forming various timing control signals. 
This, however, may be changed according to design pa- 
rameters. In addition, many other modifications may be 30 
made without departing from the technical scope of the 
present inventksn. 



Claims 3S 



(9). 

The motor driving apparatus as claimed in claim 1 
wherein said sample-and-hokJ means includes: 

exclusive OR detectkxi means (20) for detect- 
ing an exclusive OR of comparison outputs of 
said comparator means (2); 
masking processing means (21) for detecting 
the current supplying switching timing to the re- 
spective phases for forming masking signals of 
a pre-set pulse width at the detected timing, re- 
moving the kickback noise overlaid on the ex- 
clusive OR outputs from said exclusive OR de- 
tection means (20) at the current supplying 
switching timing to said respective phases, 
forming a masking signal of a pre-set pulse 
width at the detected timing, removing a kick- 
back noise overiaid on the exclusive OR output 
of sakJ exclusive OR detection means (20) at 
the current supply switching timing by said 
masking signal and outputting a resulting 
masking processed signal (Masked Exor); 
edge detection means (22) for detecting the ris- 
ing and falling edges of the masking processed 
output (Masked Exor) of sakl masking process- 
ing means (21); 

sampling means (45, 47, 49) for sampling com- 
parison outputs of said comparison means (2) 
based upon an edge detectkvi output erf said 
edge detectkxi means (22); and 
hokiing means (28i, 28j, 28k) for sample-hoM- 
ing the sampled output of said sampling means 
except for a phase for which a back-electromo- 
tive voltage is captured. 



1 . A motor driving apparatus comprising: 3. 

comparison means (2) for comparing back- 
electrorTK>tive voltages appearing in respective 40 
phases (1U. IV, 1W) of a multi-motor (1); 
pulse wklth modulating means (7) for outputting 
pulse width modulated signals for rotatkanally 
driving saki rriotor based upon a rotatkxial error 
signal (Verr) of said rndtor, 45 
minimum pulse wkith detectksn means (27/76a- 
81 b) for detecting the minimum pulse wktth po- 
sition of the pulse wklth modulated signal from 
said pulse wkith nrxxiulatnn means (7); 4. 
sample-holding means (9) for sample4iokJing so 
comparison outputs of sak) comparison means 
(2) at a timing d detectkxi of the minimum pulse 
wklth of saki pulse wklth modulated signal from 
saki minimum pulse wktth detectkxi means 
(27/78a-81b);and ss 
motor driving means (1 0) for rotatkxially driving 
the motor (1) based upon each sampl&-and- 
hM output from sakI sample-and hoM means 



The motor driving apparatus as claimed in claim 1 
further comprising delay means (23) for delaying 
the edge detectkxi output of sakI edge detectkxi 
means (22) after delaying sakJ edge detectkxfi out- 
put a pre-set time, 

saki sampling means (45, 47, 49) sampling 
each comparison output from sakJ comparator 
means (2) based upon a delay output (Delay T) of 
said delay means (23) for supplying the sampled 
comparison output to sakJ hokiing means (281, 28j, 
28k). 

The motor driving apparatus as claimed in claim 3 
further comprising current supplying state switching 
controlling means (24) for detecting whether or not 
an edge detectkxi output of sakt edge detection 
means (22) or a delayed output of said delaying 
means (23) is being supplied, varying the contents 
of said holding means (28i, 28j, 2dk) if said edge 
detectkxi output or saki delayed output are not sup- 
plied for a pre-set time for effecting switching control 
of the current supplying state to each phase of the 
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motor (1). 

5. The motor driving apparatus as claimed in daim 1 
wherein said edge detection means (22) detects the 
rising edge and the falling edge of the masking proc- s 
essed output (Masked Exor) of said masking 
processing means (21 ), saki edge detection means 
detecting the prevailing current conducting state 
and estimating, based upon the prevailing current 
supplying state, whether the edge of the masking io 
processing output to be supplied next is a rising 
edge or a falling edge, saki current supplying state 
switching controlling means (24) inverting an output 
of sakJ holding means (28i, 28j, 2Bk) if an edge <^her 
than the estimated edge is detected by sakJ edge is 
detectkxi means (22) for effecting switching control 
of the current supplying state to each phase. 

6. A motor driving apparatus comprising: 

20 8. 

comparison means (2) for comparing each 
back-etedromotive voltage appearing in each 
phase (1U, IV. 1W) of a multi-phase motor (1) 
and a common voltage (COM) which is a volt- 
age at a neutral point of the motor; 2S 
reversing signal outputting means (27) for out- 
putting a reversing signal for applying a counter 
directk)n current supplying braking for generat- 
ing a counter4orque by ftowing the current 
through the mc^or (1) based upon a motor ro- 30 
tation error signal supplied from outside; 
pulse wktth nrKxiulation means (7) for outputting 
a pulse width modulated signal for rotatkxially 
driving the nmtor based upon the motor rotation 
error signal (Verr); 3S 
minimum pulse wktth detectkm means (27/78a- 
81 b) for detecting the minimum pulse wkith po- 
sitksn of the pulse width modulated signal from 
said pulse wkith modulatkm means (7); 
sampling nrieans (45, 47, 49) for sampling each 40 
comparison output of sakJ comparator means 9. 
at a detectkm timing of the minimum pulse 
width of saki pulse wkith of saki pulse wkith 
modulatkxi signal from saki minimum pulse 
wkith detectkxi means (27/78a-81b); 45 
affected phase detectk)n means (30) for detect- 
ing on being fed with the reversing signal from 
saki reversing signal outputting means a phase 
in which a change in each back-electromotive 
voltage is produced based upon each compar- so 
ison output sampled by saki sampling means; 
hoteiing means (281. 28j, 28k) for hokiuig a com- 
parison output of a phase other than the phase 
in whch the change in the back-electromotive 
voltage as detected by saki affected phase de- ss 
tectksn means is produced; and 
motor driving means (1 0) for braking the motor 
based upon each sample-held output of saki 



hoMing means. 

7. The motor driving apparatus as claimed in claim 1 
further comprising maximum pulse wkith detectk)n 
means (27) for detecting the maximum pulse wkith 
posltbn of the pulse width modulated signal from 
said pulse wkith modulatbn means and sampling 
the compareon outputs of said comparator means 
at the detection timing of the maximum pulse wkith, 
saki motor driving means (1 0) braking the motor (1 ) 
by short braking of generating a counter-torque in 
saki motor (1 ) until detectkxi of the nraximum pulse 
wkith of the pulse width nrxxiulated signal by said 
maximum pulse wkith detection means, said motor 
driving means (1 0) brakkig the motor by counter di- 
rectkxi current supplying braking on detectkxi of the 
maximum pulse wkith of said pulse wkith modulated 
signal. 

A motor driving apparatus of a sensor-less system 
for detecting the rotatkxial positkxi of a multi-phase 
rotor based upon each back-electromotive voltage 
appearing in each phase (1U. 1 V, 1 W) of the multi- 
phase motor (1), on/off controlling an upper layer 
transistor (96a. 97a, 98a) and a bwer layer transis- 
tor (96b, 97b, 98b) of each phase responsive to the 
results of detectkxi for switching the current supply- 
ing states to each phase for rotatkxially driving the 
motor (1), comprising: 

switching timing detectkxi means (27) for de- 
tecting the timing of switching the direction of 

rotation; and 

controlling means (30) for simultaneously turn- 
ing of! the upper layer transistor and the lower 
layer transistor of each phase for a pre-set time 
at the timing of switching of the rotatkxial direc- 
tion as detected by saki switching timing detec- 
tion means (27). 

The mc^or driving apparatus as dainned in daim 8 
comprising comparison means (2) for comparing 
back-electromotive voltages appearing in respec- 
tive phases (1 U, 1 V, 1 W) of a multi-phase motor (1 ) 
to a common voltage (CX^M) whk:h is a neutral point 
voltage of said multi-phase motor, pulse width nrKxi- 
ulating means (7) for outputting pulse wkith modu- 
lated signals for rotatkxially driving saki motor 
based upon a motor rotatkxi error signal, minimum 
pulse wktth detectkxi means (27/78a-81b) for de- 
tecting the minimum pulse width position of the 
pulse wkith modulated signal from saki pulse wkith 
modulatkxi means, sample-and-hold means (9) for 
sample-hokiing comparison outputs of saki conv 
parison means (2) at a timing of detectkxi of the 
minimum pulse width of saki pulse width modulated 
signal t>y saki minimum pulse width detection 
means (27/78a-81 b), and motor driving means (1 0) 
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for forming a control signal for each phase for on/ 
off driving the upper layer transistors (96a. 97a. 
98a) and the lower layer transistors (96b, 97b, 98b) 
teased upon each sample-and-hold output from said 
sample-and hold means (9). s 

10. The motor driving apparatus as claimed in daim 9 
wherein said switching timing detection means (27) 
detects the maximum pulse width position of said 
pulse width modulated signal for detecting the tim- io 
ing of switching the rotation position. 
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